
2 135 
c. 1 

NASA Conference Publication 2135 
FAA-EE-80-3 

Time-of-Dav  Corrections 
to Aircraft Noise Metrics 

Proceedings of a Workshop  held at 
NASA Langley  Research  Center 
Hampton,  Virginia 
March 11-12 ,  1980 



TECH LIBRARY KAFB. NM ‘ 
-7  

NASA Conference  Publication 2135 

FAA-EE-80-3 

Time-of-Day  Corrections 
to Aircraft Noise Metrics 

Editors 
Sherman A Clevenson, Larlgley Research Center 
William T. Shepherd, Federul Aviation  Admi~~istratio~r 

Proceedings of a Workshop  sponsored 
by the Federal Aviation  Administration, 
Washington,  D.C., and  the NASA Langley 
Research  Center,  Hampton,  Virginia, 
and held at Langley Research  Center 
March 11-12, 1980 

National  Aeronautics 
and  Space  Administration 

Scientific  and  Technical 
Information  Office 

1980 





PREFACE 

The Workshop on Time-of-Day Correct ions t o  Aircraf t   Noise   Metr ics ,  spon- 
so red   j o in t ly  by the  Federal   Aviation  Administration and the  NASA Langley 
Research  Center, w a s  held a t  t he  NASA Langley  Research  Center March 11-12, 
1980. The Workshop w a s  funded by the  Office  of  Environment and Energy  of t h e  
FAA and the  Acoustics and  Noise  Reduction  Division (ANRD) of the  NASA Langley 
Research  Center.  Financial  support w a s  a l so   i nd i r ec t ly   ob ta ined  from t h e  many 
organiza t ions  who provided  the  time and supported  the  expenses of t h e i r   s t a f f  
members who were in   a t tendance.  

The objec t ive   o f   the  Workshop was to   develop  information on noise   met r ics  
needed to   gu ide  government pol icy  and rulemaking  decisions. Time-of-day cor- 
rec t ions   to   cumula t ive   met r ics  were the  primary  concern. The p a r t i c i p a n t s  were 
asked to   focus  on  two areas:  background/applications and research.  

The pos i t ion   (perspec t ive)   papers   g iven  by William J. Galloway and James 
M. Fields set the   t one   fo r   t he  Workshop d iscuss ions .   Transcr ip ts  of t he  
pos i t ion   papers  and the   ind iv idua l   s ta tements  of roundtable   par t ic ipants   a re  
inc luded   i n   t h i s   r epor t   a s  w e l l  a s  summaries  of t he   d i scuss ions   he ld   i n   t he  
workshop sess ions .  The s t y l e  of  each  workshop  session  varied;  thus,  the 
"Closing Remarks'' are d iss imi la r   in   format .  

The e f f o r t s  of Ann S u i t ,  Off ice  of Externa l   Affa i r s ,  and Barbara  Fryer, 
ANRD, i n   l o g i s t i c s  and i n  tape t r a n s c r i p t i o n  which  helped t o  make f o r  a 
well-organized  conference  and  greatly  assisted  in  the  publication  of  this 
r epor t  are g r a t e f u l l y  acknowledged. The a s s i s t ance  of t h e   S c i e n t i f i c  and 
Technical  Information  Programs  Division  of  the NASA Langley  Research  Center i n  
publishing  these  proceedings is a l s o   g r a t e f u l l y  acknowledged. 
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WORKSHOP AGENDA 

March 11, 1980 

8:OO a .m.  Regis t ra t ion  

8:30 a . m .  Welcome 
Donald P. Hearth,   Director 
NASA Langley  Research  Center 

John E. Wesler,  Director of 
Environment  and  Energy, FAA 

9:00 a.m. Perspective  Papers 

H i s t o r i c a l  
William J. Galloway 
Bolt  Beranek and Newman Inc. 

Research  Evidence 
James M. F i e lds  
NASA Langley  Research  Center 

10: 30 a.m. Roundtable I - Policy/Impacts 

2 : O O  p.m. Roundtable I1 - Research Methods 

4:OO p.m. Workshop sess ions  

I - Background/Applications 

I1 - F u t u r e  Research 

March 12, 1980 
”_ 

8:OO a . m .  Workshop sessions  cont inue 

10:30 a.m. Closing  remarks and summary statements from  workshop sess ions  

12:OO Noon Adjournment 
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INTRODUCTION 

Ai rc ra f t   no i se   desc r ip t ion   has  been a sub jec t  of i n t e r e s t   f o r  more than 
2 5  years.  A g r e a t   v a r i e t y   o f  attempts have  been made t o  d e v i s e   u n i t s  which 
r e l i a b l y  relate the   phys i ca l   a i r c ra f t   f l yove r   even t s  t o  some form of human 
response. Two broad metric types  have  evolved  over   the  years ,   s ingle   event  and 
cumulative. Despite t h e   d i v e r s i t y   i n  approach among the  various  cumulative 
metrics, one  unifying  thread ex is t s ,  the   appl ica t ion   of   pena l t ies  for noise  
occurring a t  n igh t  or in   the  evening.  The r a t i o n a l e   f o r   t h e s e   p e n a l t i e s   h a s  
been somewhat obscure and there  has  not  been  widespread  agreement on t h e i r  
a b i l i t y   t o   p r e d i c t   n i g h t   a i r c r a f t   n o i s e  annoyance. Neve r the l e s s ,   t he   pena l t i e s  
a r e   i n  widespread  use,  and t h i s   f a c t  is one  of the  primary  reasons  for  reluc- 
tance t o  change t o  o ther   poss ib ly  more v a l i d  means of   descr ibing  noise ,  assum- 
ing  such metrics e x i s t .  Various government agencies  have  used t w o  d i f f e r e n t  
cumula t ive   met r ics   for   descr ib ing   a i rc raf t   no ise  - day-night  average  sound 
l e v e l ,  Ldn, and noise   exposure  forecast ,  NEF. The n i g h t   p e n a l t i e s   i n   t h e s e  
two me t r i c s   d i f f e r   s l i gh t ly ,   bu t   ba th   pu rpor t   t o   desc r ibe   t he  added community 
annoyance a t t r i b u t a b l e  t o  n igh t   a i r c ra f t   ope ra t ions .   Th i s  dichotomy in   me t r i c  
usage w a s  l a rge ly   e l imina ted   recent ly  when the  FAA decided to  adopt Ldn as i t s  
preferred  cumulat ive  metr ic   for   assessing  a i rcraf t   noise   impact .  With v i r t u -  
a l l y  a l l  Federal   agencies now i n  agreement  on the   met r ic  t o  be  used, it is  
important  for  the FAA, as a noise   regula tor ,   to   de te rmine   the   gaps   tha t  may 
e x i s t   i n   t h e   c o r n u n i t y  modeling  implied by Ldn and ,   pa r t i cu la r ly ,   t he   r e sea rch  
needs t o  remedy these   def ic ienc ies .   S ince   the  FAA w i l l  be using Lan in   suppor t  
of i t s  rulemaking  and po l i cy  development ac t ions ,  it i s  imperat ive  that   any 
r e a l   o r   p o t e n t i a l   l i m i t a t i o n s   i n   t h i s   m e t r i c  be  accounted  for. 

The object ive  of   the  Workshop w a s  to   develop  information on noise   met r ics  
needed t o  guide  government  policy and rulemaking  decisions. Time-of-day cor- 
rect ions  to   cumulat ive  metr ics  were the  primary  concern. The p a r t i c i p a n t s  were 
asked t o  focus on two areas:  background/applications and research.   In   the 
f irst  area,   d iscussion  topics   included  the  technical   bases   for   t ime-of-day 
corrections,   needs and c r i t e r i a ,   c u r r e n t   p r a c t i c e  and experience,  government 
pol icy  and r egu la t ion ,  and economic, s o c i a l ,  and other  impacts  of  using  cor- 
rec t ions .   Research   d i scuss ions   dea l t   wi th   pas t   research ,   s ta tements   o f   cur ren t  
problems,  needed  research areas, and specif ic   research  approaches.  

The NASA Langley  noise  research team has  es tabl ished a l e a d i n g   r o l e   i n   t h e  
study of community impact  of a i r c r a f t   n o i s e .  They are c l e a r l y  w e l l  q u a l i f i e d  
t o  propose  needed  research and i n t e r p r e t   t h e   e f f i c a c y  of the   research   proposa ls  
of o thers .  They w e r e  asked t o   j o i n   t h e  FAA in   the   sponsorsh ip  of t h i s  Workshop 
wi th   t he   spec ia l   t a sks  of devising  proposed  research  programs and moderating 
the  research  discussions  of   others .  
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The meeting w a s  organized  in a roundtable-workshop  format as shown  on the  
agenda. The roundtable  sessions  consisted of invi ted  s ta tements  by organi- 
za t iona l   r ep resen ta t ives   w i th   spec i f i c   i n t e re s t   i n  time-of-day correct ions.  
These statements  provided  the background f o r   t h e   d i s c u s s i o n s   i n   t h e  workshop 
sessions.  The statements of  each of t h e   p a r t i c i p a n t s  a t  the  roundtable were 
recorded and are reported  here as they  were  presented a t  the  meeting. The 
Background/Applications  workshop session w a s  d iv ided   in to   severa l   d i scuss ion  
groups. Summary statements  of  each  group's  discussions are p resen ted   i n   t h i s  
repor t  as w e l l  as a number of  individual  views. The Future  Research workshop 
sess ion   dea l t   wi th  a number of top ics  which a r e  summarized i n   t h e  summary 
statements from the  session.  
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WELCOME 

DonaldP.  -Hearth,  Director, NASA Langley  Research  Center: L e t  m e  welcome 
you t o   t h e  Langley  Research  Center. We're  happy to   cohos t   t h i s  Workshop with 
t h e  FAA. W e  a t  Langley  have  been in   the   no ise   research   bus iness   s ince  World 
War 11, and  most  of t h e   e f f o r t  from those   ear ly   years  w a s  how t o   q u i e t   t h e  
s o u r c e   o f   t h e   n o i s e ;   s t a r t i n g   i n   t h e  la te  1960's,  about  10 or 1 2  years  ago., w e  
began doing work on human response t o  a i r c r a f t   n o i s e .  W e  have, w e  t h ink ,  an 
e x c e l l e n t   s e t   o f   f a c i l i t i e s   h e r e   a t  Langley and I th ink  a r ea l ly   ve ry  good 
s t a f f  and some very good research  programs;  speaking as a res ident   o f  Newport 
N e w s ,  l o c a t e d   f a i r l y   c l o s e   t o   P a t r i c k  Henry Airpor t ,  I think  time-of-day 
e f f e c t s  on human response  to  noise  are  important.  We are  looking  forward  to 
t h i s  Workshop as perhaps  being a way of  helping u s  tune up our  research  program, 
and I know the  FAA is  looking  forward t o  i t s  providing them some inpu t  and  help- 
ing them meet t h e i r   r e g u l a t o r y   r e s p o n s i b i l i t i e s .  I t  is  a good r e l a t i o n s h i p  we 
have  with  the FAA, and I t h i n k   t h i s  Workshop i s  another example  of t h a t .  I 
also  understand  that  Congress  has  asked  the FAA t o   s t a n d a r d i z e   t h e   u n i t s   f o r  
measuring  the  noise, and a s  a nonacoustician I have t rouble   wi th  dB, dB(A), 
PNDB, EPNDB, NEF, e t c .  So please  be  successful .  I t  would r e a l l y   h e l p  me i n  
deal ing  with Homer; I have  trouble  with  his  language. I r e a l l y  do welcome you 
t o   t h i s  Workshop and it c e r t a i n l y  is  a very  t imely  subject  and we look  forward 
t o   t h e   r e s u l t s  of t h i s  meeting and I th ink   fo r   t he  FAA the  same th ing   appl ies .  
May I introduce  John  Wesler,  Director  of  Environment and Energy a t  FAA. This 
Workshop  was i n i t i a t e d  from h i s   o f f i c e  and we're most  happy t o  welcome him 
here.  

"" - - 

John _ ~ -  E.  Wesler,  Director  of  Environment and Energy,  Federal  Aviation 
Administration: I would l i k e   t o   t h a n k  you a l l   f o r  coming,  add m y  welcome t o  
t h a t  of D r .  Hearth, and thank  Langley for  having u s .  We a r e  happy t o  be  here 
largely  because  they  do  such a nice  job of pu t t i ng  on conferences  such as t h i s .  
We appreciate  it - Langley  does a l l   t he   ha rd  work and we take   par t   o f   the  
credi t .   In   keeping  with what we hope t o  be a ra ther   informal ,   but   product ive 
workshop, I would l i k e   t o  start by asking  each  of you to   in t roduce   yourse lves ,  
t o  make sure  that   everyone is aware  of who i s  here  and which organiza t ions   a re  
represented.  [See "Workshop Pa r t i c ipan t s .  " ] 

Thank you f o r  coming t h i s  morning. I know wi th   a l l   t he   con fe rences   t ha t  
are going on around the  country i t ' s  always a chore to   a t t end   ano the r  one and we 
do s incerely  appreciate   your  coming here;  w e  f e e l   t h a t  w e  have an important 
subject ,   a l though it is  a narrow sub jec t   t o   cove r   fo r   t he   nex t  day and a h a l f .  
It i s  p a r t i c u l a r l y   p e r t i n e n t   r i g h t  now because 3 weeks ago  yesterday  [on  Febru- 
ary 181 Pres ident  Carter s igned   i n to  l a w  what is  euphemis t ica l ly   ca l led   the  
Aviation  Safety  and  Noise  Abatement  Act  of  1979. Among o t h e r   t h i n g s   t h a t   t h i s  
law does,  some of  which are good and some of  which are bad, it requ i r e s   t he  DOT 
(FAA) t o  take  some ac t ions .   I f  I may read  very  br ief ly  what some of   these 
ac t ions   a r e  - we e s s e n t i a l l y   a r e   r e q u i r e d  by regula t ion   wi th in  1 2  months t o  do 
three   th ings :  
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(1) Es tab l i sh  a single  system  of  measuring  noise,   for which t h e r e  is  a 
h i g h l y   r e l i a b l e   r e l a t i o n s h i p  between projected  noise   exposure and surveyed reac- 
t i o n s  t o  people t o   n o i s e ,   t o  be  uniformly  applied  in  measuring  the  noise a t  air- 
p o r t s  and t h e  areas surrounding  such  airports 

( 2 )  Es t ab l i sh  a single  system of determining  the  exposure  of   individuals  
t o   n o i s e  which r e s u l t s  from the  operat ions  of  an a i r p o r t  and  which inc ludes   bu t  
is  not   l imi ted  t o  noise   in tens i ty ,   dura t ion ,   f requency ,  and t i m e  of  occurrence 

( 3 )  Ident i fy   land  uses  which are  normally  compatible  with  various expo- 
sures   of   individuals  t o  noise  

Note tha t   i n   e s t ab l i sh ing   t he   f i r s t   r equ i r emen t ,   t he   s ing le   sys t em of 
measuring  noise, we are t o   f i n d  one  which i s  highly reliable compared with 
peoples '   react ion.   In   es tabl ishing  the  second  one,   the   s ingle   system  for   deter-  
mining  the  exposure  of  individuals,   there is  no such  requirement  for  high reli-  
ab i l i ty .   Perhaps  it w a s  not   intended  that  way, b u t   t h a t  is the  way it came ou t .  
TO p u t   t h i s   i n t o  a l i t t l e  more perspec t ive ,  I would l i k e  t o  quote from Senator 
Cannon who w a s  ch ie f   ' sponsor   o f   th i s   ac t ,  as I am su re  you probably know. I 
would l i k e  t o  quote from him speaking from the   f l oo r   du r ing   t he   deba te   i n   t he  
Senate - pr io r   t o   pas sage   o f   t h i s   pa r t i cu la r   b i l l .   Sena to r  Cannon s a i d  "I wish 
t o   p l a c e   p a r t i c u l a r  emphasis on the  requirement  included by the   conferees   tha t  
the  s ingle   noise   exposure measurement  system t o  be  adopted by the  FAA is t o  
have a h ighly   re l i ' ab le   re la t ionship  between the  system's   projected  noise  expo- 
s u r e  and  the  surveyed  react ions  of   the  people   l iving  in   the  noise   exposure  area.  
This  language  directs  the FAA not   to   adopt  an ex is t ing   sys tem  unt i l  it has  been 
modified and proved  re l iable ."  

W e  are faced  with  adopting  these  things  within  the  next 1 2  months. I f  we 
had to   reach  a decision  today, I expec t   t ha t  we would adopt  the  following 
th ings :   €or   the   s ing le   sys tem of   measuring  the  a i rcraf t   noise ,  w e  would adopt 
the  A-weighted sound level,   slow  response;  for  the  single  system  of  measuring 
noise   exposure  for   individuals ,  w e  would probably  adopt  the  average  day-night 
sound l eve l .   I n   f ac t ,   t he  FAA has  adopted Ldn or  average  day-night sound l e v e l  
a s   t he   p re fe r r ed  means for   evaluat ing  noise   exposures   around  a i rports .   Insofar  
as   ident i fying  the  land  uses   that   are   compat ible   with  noise   exposures ,  I expect 
w e  would probably  fol low  the  lead  that  B i l l  Galloway h a s   s e t   f o r  u s  in  devel-  
oping an American na t iona l   s tandard  on t h i s   s u b j e c t .  These a r e   t h e   t h r e e  
ac t ions  we would probably  take  today  in   response  to   this  new requirement;  but 
we don ' t  have t o  make these  decis ions  today,  we have a year i n  which t o  make 
them. Therefore,  some of the   d i scuss ions   for   today  and tomorrow  and perhaps 
some of the   research  which you a l l  w i l l  recommend may have a bear ing on the  
f ina l   adop t ion ,   s e l ec t ion ,  and establishment of t hese  two single  systems as we 
a re   r equ i r ed   t o  do by  Congress. 

In  adopting  the  average  day-night sound l e v e l   l a s t  December as the  pre- 
f e r r ed  FAA system, w e  weren ' t   ent i re ly   comfortable  and t h a t  is the  reason  for  
this  conference  today and  tomorrow. Our f ee l ing  of discomfort  had t o  do pri- 
marily  with  the  nighttime  weighting. The time-of-day  weighting  has  given  the 
name to   the  conference we are holding  today. We a r e  somewhat uncomfortable 
wi th   t h i s   we igh t ing   fo r   bas i ca l ly  two r easons :   t he   i dea   t ha t  it is  appl ied  as  
a step func t ion ,   t ha t  is, promptly a t  1 O : O O  a t   n i g h t  and promptly removed a t  
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7 : O O  i n   t h e  morning,  and t h a t  of t h e  10 dB value.  Although i n t u i t i v e l y  it 
seems q u i t e   p r o p e r   t o  have a n ight t ime  pena l ty ,   the   bas i s   for  10 dB and t h e  
b a s i s   f o r  a step func t ion   fo r  1O:OO t o  7:OO seems somewhat s o f t  t o  us.  There- 
fo re ,  w e  have  asked  your  advice  in  helping t o  determine i f   i n   f a c t  it is s o f t  
or i f   t h e r e  is  a good bas is   for   se lec t ing   th i s   weight ing .   There  zre o the r  
considerat ions of cour se   i n   s e l ec t ing  some sort of a n ight t ime  pena l ty   o r  
weight ing  that  would be  given  to   noise   exposure  metr ics .  One of  course is  
simplicity  of  use.   This I th ink  is  pa r t i cu la r ly   impor t an t   fo r   a i rpo r t   u se r s ,  
because w e  are dea l ing   genera l ly  5 ,  10, or 15 y e a r s   i n t o   t h e   f u t u r e   t o   p r e d i c t  
t h e   e f f e c t s  of a new runway, a new a i r p o r t ,  changed procedures,  or whatever  the 
e f f e c t   t h a t  is  being  evaluated  €or  noise  exposure  purposes.  Trying t o  p r e d i c t  
5 t o  15 years  ahead  of t i m e ,  p a r t i c u l a r l y  t o  any g r e a t   d e t a i l  - i f ,   f o r  example, 
w e  had t o   p r e d i c t  any opera t ions  by hour  of  day - becomes an ex t remely   d i f f i -  
cult   procedure.   Therefore,  a simple step  function  such as the  10 dB nighttime 
penalty  in  the  average  day-night  noise  level  has a l o t  of advantages t o  it f o r  
that   reason.  From an a i r p o r t   p o i n t  of  view, we fee l   tha t   n ight t ime  weight ings  
are extremely  important  because  one  of  the  usual  noise  abatement  methods 
brought up a t  almost any a i r p o r t  is  t h a t  of a nighttime  curfew. The heavier  
the  weightings on the  night t ime  operat ions,   the  more a t t r ac t ive   t he   n igh t t ime  
curfew would appear t o  be. I t h i n k   t h i s   f a c t o r  is  probably more impor t an t   t o  
u s  in   av ia t ion   than  it is  to   o the r   t ypes  of noise  exposure,  whether  they  be 
ra i l road ,   au tomot ive ,   o r   indus t r ia l .   Cer ta in ly ,  an unfair   penalty  weighting 
which makes curfews  appear more a t t r ac t ive   t han   t hey   a r e ,  can  cause a l o t  of 
harm t o   o u r   n a t i o n a l   a i r   t r a n s p o r t a t i o n  system. W e  a r e   i n t e r e s t e d   i n   t h i s  
sub jec t  and i n  what you have t o   t e l l  us  la te r   today .  We are  asking you there-  
f o r e   t o   a s s e s s  two th ings :  what is  t h e   s c i e n t i f i c   o r   r e s e a r c h   b a s i s   f o r   t h e  
nighttime  penalty,  and i f  it is  appropr ia te ,  what research we might (NASA, FAA, 
and EPA) undertake t o   p i n   t h i s  down to   p rovide  a more f a c t u a l   b a s i s   f o r  a night-  
time  penalty. 

With that   beginning I would l i k e   t o   i n t r o d u c e ,   i n   o r d e r   t o   g i v e  u s  some 
pe r spec t ive   o f   h i s to r i c  development  of  noise  exposure  metrics and p a r t i c u l a r l y  
the  night t ime  penal ty ,  D r .  B i l l  Galloway. A t  the   conclusion of B i l l ' s  t a l k ,  
D r .  James F ie lds  w i l l  g ive u s  a research  perspect ive on time-of-day e f f e c t s  on 
noise  annoyance. J i m  is  an NRC-NASA Senior  Resident  Research  Associate a t  t he  
Langley  Research  Center. B i l l  d o e s n ' t   r e a l l y  need an in t roduct ion  - he is  the  
p r inc ipa l   consu l t an t   fo r   Bo l t  Beranek  and Newman from the  West Coast,  and w e  
a r e  happy t o  have him  on the  E a s t  Coast. 
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H I S T O R I C A L  DEVELOPMENT OF NOISE  EXPOSURE METRICS 

William J. Galloway 
B o l t  Beranek and Newman Inc  

A s  I mentioned t o  seve ra l  of you t h i s  morning, t he  way the   ch ips  f e l l  a s  
t o  who was se l ec t ed  t o  do what i n   t h e   i n t r o d u c t o r y   p a r t  of t h i s  workshop, a l l  
I have t o  do is t e l l  you what  happened; I d o n ' t  have t o  t e l l  you why. That is  
l e f t   t o  J i m  F ie lds .  

What I thought I would do is  e s s e n t i a l l y   t r a c e   b r i e f l y  some of   the 
h i s t o r i c a l   e v e n t s   t h a t   l e d   t o   t h e   i n t r o d u c t i o n  of n igh t   pena l t i e s ,   t hen  go 
b r i e f l y   i n t o   t h e i r   e f f e c t s  on  two th ings .  First, what  happens w i t h   d i f f e r e n t  
kinds of  day/night  operations when d i f f e r e n t   n i g h t   p e n a l t i e s   a r e  employed. I 
w i l l  cons ider   these   e f fec ts   in   t e rms   of   the   d i f fe rence  between a nighttime- 
weighted  cumulative  measure  of  noise  exposure  versus  simply  not  using any n igh t  
weighting a t   a l l ,   i n   d e c i b e l s .  Then t o   p u t   t h e   e f f e c t s  on ope ra t ions   i n to  
perspec t ive ,  some s impl i f ied   equat ions  w i l l  be  used to   a l low you t o   p l a y  games 
wi th   opera t ions   to   see  what effect   n ight   weight ing  has   as  compared t o  no 
weight ing.   Final ly ,   s ince new methods seem t o  be  proposed  about  every 5 years  
i n   t h i s   b u s i n e s s ,  and i t ' s  been 7 years   s ince  anybody came up with a new scheme, 
I ' m  going t o   g i v e  you another   p roposa l   a t   the  end  of my t a l k .  

I ' m  going t o   f o c u s   b a s i c a l l y  on the  events  and s t eps   t ha t   t ook   p l ace  
l ead ing   t o   ac t ions   i n   t h i s   coun t ry .  I'll mention b r i e f l y  a few methods t h a t  
have  been  proposed i n  Europe - other  approaches  that  were  used t o   a d j u s t   l e v e l s  
fo r   n igh t   co r rec t ions .  However, I ' m  going t o  key t h i s   t a l k  mainly t o   t h o s e  
events  which affect  fundamentally  the  planning  operations and documents  which 
have come out  in  our  country.  

Probably   the   s ta r t ing   po in t  i s  around 1951 when  Ken Stevens,  Walter 
Rosenblith and Dick Bol t  were working on the i r   p re l imina ry   s tud ie s  which l e d   t o  
the   o r ig ina l   composi te   no ise   ra t ing  scheme, o r  CNR. This was a method f o r  
a t t e m p t i n g   t o   r e l a t e   t h e   p h y s i c a l   n o i s e  and o t h e r   a t t r i b u t e s   i n   t h e  community 
t o  some method t o   e s t i m a t e   t h e  community response  that  would be  expected. 

There  were  no social   surveys  avai lable;   the   input   data   in   terms  of  commu- 
ni ty   response were basical ly   assessments   of   case  his tor ies .  Among the   cases  
were a i r p o r t s ,  one w a s  a wind tunnel  - in   essence ,   d i f fe ren t   k inds  of community 
n o i s e   s i t u a t i o n s  where the re  w a s  some degree of community response. 

In   the   p rocess  of evo lv ing   t he   p rocedures   i n   t he   o r ig ina l  CNR, i n   t h e i r  
opinion two th ings   en te red   in to   the i r   say ing   tha t   there   should  be some addi- 
t iona l   cons idera t ion   g iven  t o  events   that   occur   a t   n ight .   During  the  evolut ion 
of t h i s   f i r s t  CNR, not  only a nighttime  adjustment w a s  proposed,  but  also  the 
background  sound l e v e l s  a t  n igh t  were  brought i n t o   t h e   p i c t u r e .   B a s i c a l l y  what 
t h i s  amounted t o  was t h a t   o p e r a t i o n s  were sepa ra t ed   i n to   n igh t  and daytime; 



t he  t i m e  per iod a t  n igh t  w a s  not   def ined.  Noises t h a t  happened a t  n igh t  were 
penal ized 5 dec ibe ls .  Moreover, s ince  background  noises seem to   dec rease  a t  
n ight ,  an add i t iona l  5 dec ibe l s  were app l i ed   i n   t he  background level  adjustment 
which w a s  i n   ano the r   s ec t ion  of t h e  CNR procedure.   But   that   effect ively 
r e s u l t e d   i n  a 10   dec ibe l   ad jus tment   for   n ight   opera t ions  - t en   dec ibe l s  on 
exposure,   the   integral  of sound level   over  t i m e .  The d i f f e r e n c e  between 
exposure and l e v e l  is  what causes some of the   confus ion   over   the   d i f fe rences   in  
n i g h t   p e n a l t i e s  between CNR, NEF, and Ldn. 

I n   t h e   o r i g i n a l  CNR development t h e r e  were  about 11 case   h i s tor ies   used .  
I n  a la ter  pub l i ca t ion ,  I think  in  about  1955,  the  authors added  something l i k e  
the  order   of  a dozen more case   h i s to r i e s .  They made  some modif icat ions i n  t he  
expected  response  scale  but  basically  the  system  remained  the same. This 
o r i g i n a l  work w a s  done as p a r t  of a program f o r   t h e  A i r  Force  in  i t s  e a r l i e r  
look a t  community noise  problems. 

Again f o r   t h e  A i r  Force ,   in   1957,   the   f i r s t   spec i f ic   p rocedure   for   a i rpor t  
noise  and land  use  planning w a s  introduced.  This w a s  Technical Note  57-10, 
which w a s  produced by Ken Stevens and Adone P ie t r a san ta .   Bas i ca l ly  it w a s  
simply an implementation  of  material  that  had  been  gathered  for a number of 
years.  There  were no magic new response   da ta   tha t  were brought   into i t s  devel- 
opment. I t  w a s  b a s i c a l l y  a f i r s t   s t e p  as t o  how one  can  take sound l e v e l  
measurements from a i r p l a n e s   i n   f l i g h t  and t i e  them t o g e t h e r   i n t o  a system t h a t  
w i l l  allow you to   p red ic t   no i se   con tour s .  

I t  is worth  pointing  out  that   they  used a cumulative  noise  measure  in  this 
1957 document, an e q u i v a l e n t   l e v e l ,   t h a t  i s ,  an  energy  average  level, if you 
w i l l ,  over a 24-hour per iod.  A t  t h a t   t i m e ,   f o r   r e a s o n s   t h a t  are still obscure,  
t h ree  t i m e  per iods  w e r e  introduced. From  6:OO a . m .  t o  6:OO p.m. e s s e n t i a l l y  
took  no  penalty;  from 6 : 00 t o  11 :'OO p.m. , they  introduced a 5 dec ibe l   pena l ty ;  
from 1 1 : O O  p . m .  t o  6:OO a . m . ,  a 10 decibel  penalty.   There still could  be some 
additional  adjustments  for  background sound leve ls ,   bu t   th i s   ad jus tment  w a s  
rarely  used. The 10   dec ibe l   n ight   pena l ty   has  now showed up twice. 

The next  phase  of  development was a modified CNR s p e c i f i c   t o   a i r p o r t  
land  use  planning. We looked a t ,   i n   t h i s   c a s e ,   s p e c i f i c a l l y   a i r p o r t   c a s e  
h i s t o r i e s  - a number of a i r  base   s i t ua t ions ,  run-up  problems,  flyover  problems, 
t h a t   s o r t   o f   t h i n g ,  and t r i e d   t o   s e e  how they  appl ied t o  A i r  Force  operations.  
There  were  about 30 case   h i s tor ies   involved  and the  system came out   not   too 
d i f f e r e n t   i n   t h e  end  from t h e   o r i g i n a l  CNR approach. The most s i g n i f i c a n t  
d i f fe rence   was- tha t   perce ived   no ise   l eve l  had come i n t o   b e i n g  and a t   t h a t  time 
the  A i r  Force and FAA wanted a p lanning   gu ide   tha t  w a s  based on perceived  noise  
leve l .  The FAA wanted to   i nco rpora t e  commercial a i r c r a f t   i n   t h e   p r o c e d u r e   t o  
do s i m i l a r  analyses  so t h a t  it would be  used  €or  military/commercial  operations. 
The a i r p o r t  CNR is  based on a r e p o r t   t h a t  w a s  f i r s t   p repa red   i n   1961 ,   r ev i sed  
i n  1962, and eventual ly  made it t o   p u b l i c a t i o n   i n  1964.  This was a very  simple 
guidel ine.  The name of   the game w a s  t o   p rov ide  a p lanning   too l ,  and a s  I 
remember t h e   i n s t r u c t i o n s  it was such t h a t  it could  be  used by a brand new 
l i e u t e n a n t   i n   t h e  A i r  Force who had never  seen any  of t hese  problems i n   h i s  
l i f e .   S i n c e   t h i s  w a s  t h e   l o w l i e s t   j o b   t o  which  he  could  probably  get  assigned, 
he was t o  make the   no ise   ana lyses .  The procedure had t o   b e  something  where 
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one  could sit down without a ca l cu la to r  and use a very  simplified  procedure 
( the   s imp l i f i ca t ion  would la te r  cause  problems) t o  do a noise   ana lys i s   o f  
o p e r a t i o n s   a t  an A i r  Force base. 

N o  new response  data  had  been  gathered  in  this  country,   yet   in  the  develop- 
ment o f   t h e   a i r c r a f t  CNR one  question  considered w a s  whether  or no t  t o  
incorporate  a nighttime  adjustment  based upon the  case h is tory   in format ion .  
The case   h i s to ry   da t a  were no t   t oo   f i rm ,   bu t  one o the r   t h ing  w a s  ava i l ab le .  
Resul ts  of t h e   f i r s t  London Heathrow social   survey were becoming access ib l e  a t  
the  time, however tentative  they  might  be.  The d a t a  came i n   p i e c e s ;   t h e  cor- 
rec tness   o f   the   ana lyses  w e  w i l l  l e t  J i m  F i e lds   d i scuss  and I won't go i n t o  it. 
A t  t h a t  t i m e  t he   i n t e rp re t a t ion ,   p re sen ted   i n   t he   Br i t i sh   no i se  and number 
index (NNI) system  (which w e  took a t   f a c e   v a l u e ) ,  was tha t   about  a 1 7  u n i t   i n  
N N I  d i f f e rence  was r e q u i r e d   t o   o b t a i n  comparable  responses in   the   n ight t ime 
versus  daytime.  That is ,  the  noise  exposure had t o  be 1 7  u n i t s  lower a t   n i g h t  
if one  were to   ba lance   the   responses .   Correc t ly   o r   incor rec t ly ,   tha t  w a s  t he  
statement.  We t r a n s l a t e d   t h e  N N I  back in to   t he   equ iva len t  CNR terms and s a i d  
about 17  u n i t s  of NNI t o  u s  w a s  worth  about 11 units of CNR, which wasn ' t   too  
d i f f e r e n t  from the  10  used  previously,  so 10   dec ibe ls  was kept  as t h e   o f f s e t   i n  
mR. Now because CNR worked i n  5 decibel   increments ,   th ings were  always 
done i n   s t e p s ;  a continuous  scale was not  used. I t  w a s  s imply  that   us ing 
5 dec ibe l   s t eps ,  two s teps   (or   10   dec ibe ls )  was the  nighttime  adjustment.  
Again with  the  except ion of t h e   d a t a  from  Heathrow, no o the r  new response  input 
was used. 

By 1967 - every 5 years  seems t o  have  generated a change - the   perceived 
noise   l eve l  PNL had evolved   in to   e f fec t ive   perce ived   no ise   l eve l  EPNL, no t  
qu i t e   i n   t he  form t h a t  was eventually  used i n  FAR 36, but   very similar. The 
PNL weight ing  for   f requency  response  a t   that   t ime was no t   qu i t e   t he  same as  
it i s  today ,   bu t   for   a l l   p rac t ica l   p lanning   purposes  it can  be  considered  to  be 
the  same. Although EPNL has   been   re f ined   subs tan t ia l ly   as   to  how one ca l -  
cu la t e s  and measures i t ,  the  essence of EPNL w a s  p r e t t y  much evolved a t   t h a t  
t i m e .  I n  o r d e r   t o   t r a n s f e r   t h e  CNR kind of ana lys i s   i n to  a procedure  in 
which no i se   l eve l s  of i n d i v i d u a l   a i r c r a f t  were r e l a t e d   t o  EPNL, t w o  s t u d i e s  
were  undertaken:  one by BBN and one by an SAE research  group.   Basical ly   the 
two s tud ie s  came o u t   e s s e n t i a l l y   t h e  same, saying we should  convert CNR by 
taking  the PNL and replacing it with EPNL but  not  do much e l se   w i th  any- 
thing  in  terms  of  the  other  adjustments.   In  other  words,   simply  adopt what w e  
had i n  CNR w i t h   j u s t  a change t o  EPNL and an a rb i t r a ry   cons t an t .  The r e s u l t  
was NEF. Here is  t h e   f i r s t   p l a c e  where the  exposure  versus  level  adjustment 
starts g e t t i n g   i n t o   t h e   a c t  and starts a f f ec t ing   ope ra t ions  more s t rongly .  The 
assumption t h a t  was made from the  previous work was that   n ight t ime  exposure 
would be   o f f se t  from daytime  exposure by a 10 decibel   adjustment   for   night t ime.  
The n igh t  by d e f i n i t i o n  a t  tha t   t ime was 1O:OO p.m. t o  7 : O O  a . m . ,  a nine  hour 
period. Daytime was obviously 15 hours,  so balancing  the  exposure a t  n igh t  
versus   the  exposure  in   the  dayt ime  required  greater   adjustment  on l e v e l  a t  n igh t  
than it would i f  some o the r  t i m e  per iod w a s  involved.  In  essence it came out  
to   be   about  a 1 2  decibel  azjustment on l e v e l ,   w i t h   t h e   e f f e c t  on opera t ions  
being a f a c t o r  of 16.7 operations a t  night  equated  with one i n   t h e  daytime. 
I'll show you some s impl i f i ed   equa t ions   t o  l e t  you p lay   opera t iona l  games with 
l a t e r ,   b u t   i n   e s s e n c e   t h a t ' s   b a s i c a l l y  what  happened. 
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I should  point  out  that   other  developments of cumulative  noise  measures 
with  night   adjustments  were taking  place  about   this   t ime.  The European 
count r ies  were very much involved.   Internat ional   Standards  Organizat ion (ISO) 
w a s  considering  various  measures  €or  land-use  planning  purposes,   International 
Civi l   Aviat ion  Organizat ion ( ICAO)  w a s  beginning t o  ge t   go ing   i n  some of i t s  
a c t i v i t i e s ,   t h e  s ta te  of   Cal i fornia  w a s  evolving i t s  airport  noise   s tandards,  
so a number of different   approaches were being  considered.  California  adopted 
community noise   equiva len t   l eve l  (CNEL) which uses   the  same nighttime  adjust-  
ment as one  of the   p roposa ls   wi th in  ICAO f o r  a three-period  day.  That is, a 
daytime  period  running t o  7 : O O  p.m., an evening  period  in which some penal ty  
w a s  a t t a c h e d   ( t h i s  w a s  from 7 : O O  p . m .  t o  1O:OO p.m.),  and  then  basically  the 
1O:OO p.m. t o  7 : O O  a . m .  n ight   per iod.   Typical   proposals  w e r e  that   the   evening 
per iods be pena l ized   the   equiva len t  of 5 decibels ,   whi le   addi t ional   night t ime 
adjustments or p e n a l t i e s  would a l s o  be  used. The Ca l i fo rn ia  method appl ied  the 
10 dec ibe l   n ight   pena l ty   aga ins t   l eve l ,   no t   exposure ,  so ins tead  of a 16.7  type 
m u l t i p l i e r  on o p e r a t i o n s   t o  come out   equivalent   to   dayt ime,  a 10-times  multi- 
p l i e r   a p p l i e s .  

You w i l l  s e e   l a t e r   t h a t   t h e s e   w r i g g l i n g s  around may have an important 
impact on numbers  of a i r p l a n e   o p e r a t i o n s ,   b u t   t h e y   r e a l l y   d o n ' t  make  much 
d i f f e r e n c e   i n  t e r m s  o f   t h e i r   e v e n t u a l   e f f e c t  on the  sound l e v e l s .  I'll give 
you some examples  here i n  a minute. 

Other  methods t o  weight  nighttime  operations  have  been  used i n  Europe. 
I ' l l  only  mention two of them. In   t a lk ing   w i th  M r .  Van O s  t h i s  morning, we 
r eca l l ed   t he  Dutch proposals  of the  mid-60's. They d i d n ' t   l i k e   t h e   s t e p  
funct ion a t  1O:OO p.m., so they  have a s l i d i n g   s c a l e  which starts a t  6:OO p.m. 
with a 2 dec ibe l   pena l ty ,   then   in   the   next   hour  3 dec ibe l s ,  and so on through 
t h e   t r a n s i t i o n a l   p e r i o d  of fu l l   n ight t ime.   This   p roposa l  w a s  d iscussed,   as  a 
matter of f a c t ,   i n   t h e  IS0 c i r c l e s .  For reasons John Wesler   re fe r red   to  
e a r l i e r ,   t h a t  i s ,  i t ' s  h a r d   t o   p r e d i c t  which  numbers of '   opera t ions  and  which 
kinds of a i r p l a n e s   a r e   g o i n g   t o   e x i s t  hour by hour when planning 1 0  t o  15  years  
i n  advance, the  proposal  was not  adopted by  ISO. People who do th i s   k ind  of 
projection  have enough t roub le   f i gu r ing   ou t  what  can  be  expected i n  24 hours,  
l e t  a lone  breaking  the  f igures  down in to   t hese   o the r   hour s .  With t h i s  and 
s imi l a r   p roposa l s ,   t he   i n t e re s t ing   t h ing  is tha t   bas ica l ly   these   ad jus tments  
were judgmental  decisions made without a tremendous amount  of background t o  
ju s t i fy   t he   cho ices .  Case h i s t o r i e s ,   p e o p l e ' s   c o m p l a i n t s ,   i n t u i t i o n ,   t h e  whole 
b i t  were r e f l e c t e d   i n   t h e s e  judgments. Much of t h e   j u s t i f i c a t i o n   f o r   n i g h t  
penalt ies  depends on t h e  change of background l e v e l s  - p r e t t y  much a concession 
tha t ,   yes   indeed ,   the   o ther  sound l e v e l s   i n   t h e  community do go down somewhat 
a t  n igh t  compared t o  daytime  operations. A l l  t h r u  t h i s   h i s t o r y   t h e   c h o i c e  of 
n ight t ime  pena l t ies  i s  b a s i c a l l y  a judgment made by a group of people  or by a 
group  of  committees,  not  decisions made from a l o t  of hard   soc ia l   da ta .  

I n  t he   ea r ly  ~ O ' S ,  i n   t h e   T i t l e  4 r epor t  of the  Clean A i r  Act f o r  EPA, 
Ken Eldred  took  another  look  at  a number of c a s e   h i s t o r i e s .  His po in t  w a s  
t h a t   w i t h   b e t t e r   p h y s i c a l  measurements available,   he  could  explain some of 
t h e   c a s e   h i s t o r i e s   t h a t  were ava i l ab le  t o  him. H e  had about 50 c a s e   h i s t o r i e s  
t o  look a t  f o r  which  he t r i e d  t o  make c o r r e l a t i o n s  of community response  with 
and without making nighttime  adjustments.  Without  applying any nighttime 
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penal t ies ,   he   got   something  l ike a 4 decibel   s tandard error i n   h i s   p r e d i c t i o n s  
of  response  versus  sound  level  measurements. When he  appl ied  the  night t ime 
adjustment,   the  standard error was reduced t o  something  on the   o rde r  of 
3 decibe ls .  Now t h a t   d o e s n ' t  sound l i k e  a b ig   d i f f e rence ,   bu t  a t  l e a s t  it was 
i n   t h e   d i r e c t i o n   t h a t  it w a s  b e t t e r  t o  have a nighttime  adjustment  than  not. 

There i s  one  example I want t o  show you later. It is a French  nighttime 
adjustment  which  absolutely  baffles most  of the   people   tha t  I know. I t  amuses 
m e  because it is so complicated - t h e r e   i s n ' t  much b a s i s   f o r  it - b u t   i f  you 
think  our methods are bad, w a i t  and s e e  how  much worse  they  could  be. 

In  1973, EPA i n  i ts  r e p o r t   t o  Congress as p a r t  of the  Noise  Control Act 
had to   adopt  a measure for  cumulative  noise  €or use  around a i r p o r t s ,  and t h i s  
i s  of  course where day/night  average sound l e v e l  was brought   in to   the   p ic ture .  
I wouldn ' t   say  that  it w a s  a unanimous  agreement, by  any means, bu t   ce r t a in ly  
agreement w a s  reached  that ,  a t  l e a s t   f o r  community measures, A-weighted  sound 
l e v e l  was the   p re fe r r ed  measure.  With a l l  of i t s  o ther   p roblems,   the   fac t   tha t  
it had been  used f o r  a number of d i f f e r e n t  sound sources and t h a t  it was r e l a -  
t ively  easi ly   measurable  were t o  i t s  c r e d i t .  The f a c t  is t h a t  it doesn ' t  do 
t h a t  bad a job ,   subjec t ive ly ,  compared with any o the r  measure when one takes  
weighted  sound l e v e l s  and compares them with judgments  of noise   events .  I t  was 
pre t ty   wel l   agreed   tha t ,   €or  a cumulative  noise  measure, .an  integral  of A- 
weighted  sound level  over  time  should be  used.  There was a l o t  of d i scuss ion  
about what  one does  about  day  versus  night, a l o t  of d i scuss ion   bu t   no t  a l o t  
of new input .  What w a s  ava i l ab le  were a number of  measurements  of  average 
sound level  over  daytime  versus  nighttime  periods,   plus  the  previous  history.  

There was speculat ion as t o  whether t o   u s e  8 dec ibe l s ,  1 0  d e c i b e l s ,  1 2  deci-  
b e l s ,   o r  some o ther   va lue   for  a nighttime  penalty.  I t  tu rned   ou t   t ha t   fo r  most 
s i t u a t i o n s   t h e r e  was l i t t l e  numerical   difference which  one you used. I n  
essence,  a 1 0  dec ibe l   pena l ty  on l e v e l  was selected  as   being a s o r t  of compro- 
mise  posit ion.   Again,   no  extensive  social   response  data  existed;  only  the 
informat ion   tha t  had h i s t o r i c a l l y  been ava i l ab le  was used i n   t h i s   d e c i s i o n .  

So where a r e  we? We have 20  years  between  about  1953 t o  1973 i n  which 
s e v e r a l   d i f f e r e n t  community noise  measures  have  been  used.  Everyone  of them 
incorporates  a night t ime  adjustment ,   largely on t h e   b a s i s  of i n t u i t i o n  and case 
h i s to ry   i npu t ,  and t h i s  is  about it. Now what does t h i s  imply,  in  terms  of 
both  operat ions and l eve l s?   Le t  me show you a few f igu res .  I t o l d  J i m  F i e lds  
I would give him most  of t h e  t i m e ,  so it w i l l  take  about 5 minutes   to   run  thru 
these   f i gu res  

J u s t  t o   g i v e  you an idea  of what can happen  between the  day and n ight  
sound l e v e l s  a t  an a i r p o r t   ( j u s t   t o   e n l i v e n   t h i n g s  a little b i t ) ,   l e t  me show 
you a graph  of  the  hourly  average sound leve ls ,   wi th  and without   operat ions a t  
n igh t ,  measured a t  a po in t  on the   o rder  of 2 miles from the  approach t o  
runway 25 a t  Los Angeles  airport .  The t o p   l i n e  i n  f i g u r e  1 w a s  taken  before  
the   swi tch   in   opera t ions  a t  t h e  airport;  t he  bottom l i n e  shows the  change i n  
levels ,   obvious when w e  knock out  50 t o  60 f l i g h t s   a t   n i g h t .  Now you no t i ce  
t h a t   t h e r e  is  a pret ty   high  hourly  average  level   varying from  75 t o  80 dec ibe l s  
most  of the  t ime. A t  n igh t t ime   i f   t he   ope ra t ions   a r e  removed,  you drop from 

11 



75 o r  so down below 50 - about 25 t o  30 dec ibe l s  knocked out   o f   the   n ight  
operat ions.   Clear ly   here  is a case where removal of   n ight t ime  leve ls  rea l ly  
makes a d i f f e rence .  

The nex t   f i gu re   ( f igu re  2)  is  a c o l l e c t i o n  of a v a r i e t y   o f   s i t u a t i o n s .  
The o rd ina te  is the  difference  in   the  dayt ime  average sound l e v e l  and the  night-  
time equivalent  sound  level  using  the 1O:OO p.m. t o  7:OO a.m.  n ight t ime  per iod,  
while   the  abscissa  i s  day-night  average  sound  level  with  the 1 0  dec ibe l   n ight -  
time penalty.  There  obviously i s  a g rea t   dea l   o f   s ca t t e r .   Bas i ca l ly   t he   t r end  
seems t o  be t h a t   i f  you have f a i r l y  low l eve l s   t o   beg in   w i th ,   t he   n igh t t ime  
l e v e l s  are much lower  than  the  daytime  levels. A t  t he   h ighe r   l eve l s ,   t he   d i f -  
ference between  day  and n igh t   doesn ' t  change too  much. There i s  a tendency a t  
a l l  t imes,  however, for   the  average sound l e v e l s  a t  n ight   to   be   lower   than   they  
are during  the  daytime,  which i s  no t   t oo   su rp r i s ing .  

I mentioned  previously  that   there  w a s  a ques t ion   about   the   d i f fe rence   in  
weighting  level  versus  exposure. Ldn and CNEL weight   level  a t  n igh t  by 
10 decibe ls .  NEF weights  nighttime by 1 0  decibels   for   exposure and e f f e c t i v e l y  
16.7 times ope ra t ions ,   o r  1 2  d e c i b e l s ,   f o r   l e v e l .  What t hese   d i f f e rences  mean 
can  be  seen i n   f i g u r e  3 .  I want t o   i n t roduce  and g e t  you th ink ing   i n  terms of 
f rac t ions   o f   n ight t ime  opera t ions ,  which makes th ings   eas ie r   to   manipula te .  
This   f igure shows the  night t ime  penal ty   introduced  as   the  increment   that   the  
night  adjustment  provides  over an unweighted  24-hour  average  sound l e v e l   i f  one 
appl ies   the   n ight   pena l ty  on leve l   o r   exposure   as  a func t ion   of   the   f rac t ion  of 
night t ime  operat ions.  The t y p i c a l   a i r p o r t  is  not   the  major   t ransoceanic   type 
w i t h   l o t s  of night t ime  operat ions.  A typical  middle-sized  airport   has  probably 
something in  the  neighborhood  of more than 80 percent  of opera t ions   dur ing  day- 
time. For such  operations NEF, which  weights  exposure,  has on the  order  of 
2% dec ibe l s  of n ight   pena l ty  more than a measure l ike  day-night  average sound 
l e v e l ,  which  weights  night  sound  levels. 

To pu t   t h ings   i n  a s impl i f ied- form so t h a t  you can compare some of t he  
m e t r i c s ,   r e f e r   t o   f i g u r e  4 .  Whatever kind  of  measure - Ldn, NEF, CNR, o r  
anything  that   accumulates  levels on a bas i s   o f  a mean square  or  energy  level - 
can  be  expressed as La as shown i n   t h e   f i g u r e  by using  the  appropriate   indi-  
vidual  event  measure LB. A l l  the  measures  can  then  simply  be  written as the  
sum of three  terms:  the  energy  average of t h e   l e v e l s  of   individual   events ,  an 
e f f e c t i v e  number of   operat ions,   p lus  a constant .  For example,   the  constant is 
49.4 f o r  Ldn,  which i s  10  t imes  the number of  seconds i n  24 hours,   while an 
a rb i t r a ry   cons t an t  of 88 is  used i n  NEF. The khy i s  t o  m a k e  the  assumption 
t h a t  day  operations and n igh t   ope ra t ions   i n  terms of t h e   a i r c r a f t  mix a r e  homo- 
geneous. If no t ,  you have t o   w r i g g l e  them around,  but l e t ' s  make t h a t  assump- 
t i o n   f o r   t h e  moment. Then you can  express   the  differences  in   night t ime  penal-  
t i e s   i n  terms of the   formulas   for   the   e f fec t ive  number of ope ra t ions ,   e f f ec t ive  
number meaning how you apply a weight ing  funct ion  to   night   operat ions.   For  
example, as shown i n   f i g u r e  4 ,  f o r  NEF t h e   e f f e c t i v e  number of operat ions is  
s imply   t he   t o t a l   i n  24 hours  times a mul t ip l i e r   fo r   ope ra t ions   t ha t   occu r   du r ing  
the   n ight .  NEF bas i ca l ly   has  a m u l t i p l i e r   t h a t  i s  one plus  15.7 times the  
f r a c t i o n  of opera t ions   tha t   occur  a t  night.   Ldn,  or any other   weighted  level  
measure with a 10 dec ibe l   n igh t   pena l ty ,   u ses  a m u l t i p l i e r  of  one p lus  9 t imes 
t h e   f r a c t i o n  of operat ions  during  night t ime.   I f  you p u t   i n  an  evening 
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adjustment  of 5 dec ibe ls   wi th  a 10 decibel   n ight   adjustment ,  you have the  mult i -  
p l i e r  shown f o r  CNEL i n  the   f i gu re .  

My f a v o r i t e  example is  the  French  isopsophic  index, A ,  which has two 
c h a r a c t e r i s t i c s .  One is t h a t  it i s  complicated.   In  comparison  with  the  other 
measures i n  which there   a re   s imply   mul t ip l ie rs  which a f f e c t   t o t a l   o p e r a t i o n s ,  
11 has a s e r i e s  of e x t r a   m u l t i p l i e r s .  The second c h a r a c t e r i s t i c  is  t h a t   t h e  
mul t ip l i e r   a l so   va r i e s   w i th   t he  number of operations.   That is, t h e  more 
operat ions you get ,   the   bigger   the  night t ime  adjustment  becomes. I f   you ' re   no t  
Sure how w e l l  you understand Ldn, NEF, o r  CNEL, I s u r e   d o n ' t  know  how you ' re  
going to   unde r s t and   t h i s  one. 

The e f f e c t  of the  different   night t ime  adjustments  is shown i n   f i g u r e  5 f o r  
two-example mixes  of opera t ions .  The va lues   l i s ted   a re   the   increments  i n  deci-  
be l s   t ha t   t he   n igh t   pena l t i e s   p roduce  compared with a 24-hour average  level  
without   penal t ies .  One example assures  a constant  number of  events  per  hour.  
I t ' s  not  the  worst   case,   but i t ' s  as bad a s  I can th ink   of .  To put  you more i n  
the   perspec t ive  of a more r e a l i s t i c   a i r p o r t ,   t h e  second  example  has  an  opera- 
t i o n a l  mix of 75 percent  daytime, 1 7  percent  evening, and 8 percent   night .   This  
i s  very  representat ive  of  a f a i r  number of a i r p o r t s .  You w i l l  n o t i c e   t h a t   t h e  
increments  over a 24-hour  average  sound l e v e l  come  down t o  something t h a t  is  
not   near ly  so s t rong .  The fl index, by the  way, was ca l cu la t ed  for  240 opera- 
t i o n s   p e r  day. 

Suppose, s ince  we haven ' t  had  any new night   pena l ty   p roposa ls   for  5 yea r s ,  
we t r y  something  else. One of   the  pr imary  object ions  to   the  current  methods i s  
t h a t   i r r e s p e c t i v e  of  whether it is  10   o r  any o ther   dec ibe l   va lue ,   there  is a 
ve ry   va l id  argument aga ins t   t he   p ropos i t i on   t ha t  no p e n a l t y   e x i s t s  a t  9:59 p.m. 
while a t  1O:Ol p.m. it does. We know t h i s  i s  s i l l y .  I t ' s  useful   in   terms  of  
planning  purposes  to make such a break  simply  because i t ' s  func t iona l   i n   t he  
computations. A s  a l ternat ive  approaches,   consider   the  fol lowing.  Suppose we 
were t o   s a y   t h a t  we w i l l  assume that   the   t ime  weighted  integral  of leve l ,   such  
as  L dn ,  is  held  constant ,   but  w e  want to   a l low some kind  of   t ransi t ion  per iod 
so t h a t   t h e   a b r u p t  change a t  1 O : O O  p.m. doesn ' t   t ake   p lace .  We still may have 
some s t ep   func t ions  a t  e i t h e r  end  of the  var ious  t ime  per iods,   but  maybe w e  can 
ease i n t o  it less   abrupt ly   than  w e  now do. We can c o n s i d e r   t h i s   a s  one a l t , e r -  
na t ive   here .  A s  another,  suppose we s a i d   t h a t  we would allow a t r ans i t i on   pe r iod  
between 9:00 p . m .  and 1 1 : O O  p.m. instead  of   the  abrupt  1 O : O O  p.m. change, if we 
were w i l l i n g   t o   a c c e p t  some modera te   addi t iona l   pena l ty   in   o rder   to   be   ab le   to  
move the  t ime  period l i m i t s  around  but still keep  the  10-decibel  level  penalty 
during  the  remaining  par t  of t he   n igh t .  O r  as ano the r   a l t e rna t ive ,  what  happens 
i f  w e  move the  1 O : O O  p.m. limit t o  1 1 : O O  p.m.? I f  you look a t   a i r l i n e   s c h e d u l e s ,  
you f i n d   o f t e n   t h a t  a l o t  happens r i g h t   a f t e r  1 O : O O  p.m. but  beyond 1 1 : O O  p.m. 
th ings   d i e   o f f  a t  many a i r p o r t s .  Would t h i s   h e l p  on t h e   o p e r a t i o n s   s i d e   i f  one 
were w i l l i n g  t o  take a s l i g h t l y   l a r g e r   n i g h t   p e n a l t y  on the  fewer  operations 
tha t   occu r   l a t e?  These a l t e r n a t i v e s   a r e  summarized i n   f i g u r e  6. 

Consider some numerical  examples shown i n   f i g u r e  7.  I f  you take  my pre- 
vious 75/17/8 mix and  assume tha t   opera t ions   in   the   evening   hours   a re  more o r  
less uni formly   d i s t r ibu ted ,  you  can show f o r   t h e   f i r s t   p r o p o s a l   t h a t   t o  main- 
t a i n   t h e  same e f f e c t i v e  L h  would requi re  a m u l t i p l i e r  of 4 on opera t ions  
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d u r i n g   t h i s   t r a n s i t i o n   p e r i o d .  So changing t o  a t w o  hour   t r ans i t i on   w i th  a one 
hour la ter  start of night  operations  could  be  accomplished  in i t s  i n t e g r a l  
e f f e c t  by  an opera t ions   mul t ip l ie r   o f  4 ,  which is  a 6-decibel   level   correct ion.  

The second  proposal,  changing  the  nighttime limits from 1O:OO p . m .  t o  
7 : O O  a.m. t o  an  hour l a t e r  (11:OO p.m. t o  7 : O O  a . m . ) ,  would requi re  an opera- 
t ions   mul t ip l ie r   dur ing   n ight t ime of  about 15, which i s  n o t   q u i t e  1 2  dec ibe l s  
on l eve l .  

Al though  these   poss ib i l i t i es   a re   no t  meant as   f i rm  proposals ,   they  do show 
a way i n  which  one  could  ameliorate  the  operational  problems  to some degree   ye t  
still r e t a i n  a weighted  sound  exposure  equal t o   t h e   c u r r e n t  Ldn method. 1'11 
throw them o u t   t o  you f o r  your  consideration. 
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Figure 1.- Hourly  noise   levels   for  a 24-hour pe r iod   i n  
the  high  noise  exposure area. 
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Figure 2.- Comparison o f   t he   d i f f e rence  between  day  and n ight   va lues   o f   the  
equivalent  sound level   with  the  day-night   average sound l e v e l  Ldn. 
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Figure 3.- Inc rease   i n   l eve l  due t o   a p p l i c a t i o n   o f  a nighttime  weight  in  deci-  
bels for  day-night  average sound l e v e l  and noise   exposure  forecast .  
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Figure 4.- Cumulative  noise  measures. 
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Figure 5.- Increment   in   decibles  between n igh t   pena l t i e s  
and  24-hour average  sound  level. 

1 ) a .  Use 2100-2300 a s   t r ans i t i on   t ime .  

b .  Have moderate   t ransi t ion time penalty.  

c .  Use 10 decibel   penal ty  from 2300-0700. 

2 )  a .  Use 2300-0700 as   n ight   per iod .  

b .  Have l a r g e r  n i g h t  pena l ty .  

Figure 6.- Al ternate   night-penal ty  prOpOSalS. 
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Figure 7.- Examples  from al ternate   night-penal ty   proposals .  
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RESEARCH PERSPECTIVE : 

TIME-OF-DAY  EFFECTS ON NOISE ANNOYANCE 

James M. F ie lds*  
NASA Langley  Research  Center 

By way of   introduct ion I should   say   tha t   over   the   pas t   year   a t  NASA I ' v e  
been  looking a t  existing  surveys  of  people 's   response  to  environmental   noise.  
I ' ve   i den t i f i ed   abou t  150  of these   soc ia l   surveys .  About ha l f  of these  concern 
a i r c r a f t .  I w i l l  be drawing i n  one way or  another on about  2 0  of  these  surveys 
i n  what I say.  I should make it c l e a r   t h a t  I w i l l  no t  be providing a summary 
of these   surveys '   f ind ings ,   bu t   ra ther  I w i l l  t r y  t o  provide a perspect ive  of  
the  overall   research  approach  to  t ime-of-day  studies.  

Here i s  an  overview  of  what I am going t o  say. (See  f ig .  1.) First, 
w e  want t o   t a k e  a look a t  t h e   e x i s t i n g  t ime-of-day  research  effort .  Then we 
w i l l  examine some of the  complicat ions  that   these  research  f indings have r a i sed  
for   the  research  approaches  that  have  been  used.  Next, I w i l l  o f f e r  a con- 
ceptual  framework f o r   f u r t h e r  time-of-day  research.  Finally, I w i l l  suggest 
some of the   impl ica t ions   for   the   research  methods tha t   should  be used. 

When I looked a t  the  time-of-day  research  that had been  done, it seemed t o  
d i v i d e   i n t o  two general   areas .   (See  f ig .  2.)  There i s ,  of course,  the  time- 
of-day  weighting  issue, which B i l l  Galloway ta lked  about .   In   the  other   area,  
which w e  might cal l   the   night t ime  response model i s s u e ,  a l a rge  amount of 
research i s  concerned  with how people  respond a t   n i g h t  and how s l e e p   d i s t u r -  
bance  and o v e r a l l  annoyance a t   n i g h t   a r e   r e l a t e d   t o   n o i s e   l e v e l .  A l a rge  num- 
ber  of  issues  could be brought up h e r e ,   b u t   l e t ' s   j u s t   t a k e   t h e   s i m p l e   g r a p h i c  
one i n   t h i s   f i g u r e   ( f i g .  2 ) .  W e  might  think  that   during  the  daytime  there i s  a 
roughly   l inear   increase   in  annoyance wi th   increas ing   no ise   l eve l .  A t  n igh t  
though,  the  graph  suggests  that   there  might be a d i f f e r e n t   t y p e  of  response 
model with some kind  of  threshold phenomena. 

In   t he   a r ea   o f   r e sea rch   t ha t   has   t o  do with  the  time-of-day  weighting, 
one  simple  weighting model i s  p resen ted   i n   f i gu re  2 where the   overa l l   response  
i s  a funct ion  of   the  level   during  the  day and the   l eve l   du r ing   t he   n igh t .  We 
a r e n ' t  making  any assumption  about  whether i t ' s  decibels   or   energy which i s  
being  added. The c r i t i c a l   p o i n t   h e r e  is  t h a t   t h e  whole focus of the   research  
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is t o  f i n d   t h e   v a l u e  of the  weight  which  determines  the relative e f f e c t s  of 
daytime and night t ime noise l eve l s .  

There  has  been a l a r g e  amount of  useful  time-of-day  research. I don ' t  
have time t o  go  through it here ,   bu t  I would l i k e  t o  t ake  one  piece o f  research 
t h a t   b r i n g s  some particular i s s u e s  i n t o  sharp  focus.   (See  f ig.  3 . )  This  study 
was c a r r i e d   o u t  a t  Los Angeles   Internat ional   Airport  by F i d e l l  and  Jones. I t 's  
good t h a t  Sandy F i d e l l  is here.  H e  can  keep m e  hones t   in  case I b r ing  up  any- 
t h i n g   t h a t  is inco r rec t .  Up t o  A p r i l  29,  1973, there  had  been  about 50 f l i g h t s  
a n igh t   ove r   t h i s  area. From A p r i l   1 8   t o  28 t h e r e  were 328 in te rv iews   car r ied  
out.  About 20 percent   o f   the  people interviewed  in   the  high-noise- level   area 
reported some s o r t   o f   s l e e p   i n t e r f e r e n c e   i n   t h e  past week. From Apr i l  29 on 
the re  was an  almost complete el iminat ion of f l i g h t s  from 2300 t o  0600. A month 
l a t e r ,  an add i t iona l  228 interviews were conducted.  In  the same a rea   s l eep  
in t e r f e rence  w a s  now reported by about 22 percent .  The change i n   s l e e p   i n t e r -  
ference i s  i n s i g n i f i c a n t .  The most important   f indlng is t h a t   i n   s p i t e  of a 
d e f i n i t e   r e d u c t i o n   i n  number of f l i g h t s   t h e r e  w a s  no  change i n  annoyance.  This 
f ind ing   ra i ses   four   ques t ions .   (See   f ig .   3 . )  

The f i r s t   q u e s t i o n  is  whether   people   a re   insens i t ive   to  any  change i n  
operations.   Fortunately  there  has  been a recent   s tudy  around  the Burbank air- 
p o r t  where a change i n   o p e r a t i o n s   f o r   s e v e r a l  months  meant a change in   no i se  
l e v e l s   f o r  many people.   Interviews  before and a f t e r   t h e  change show t h a t  
people do r epor t  less annoyance a f t e r   t h e   r e d u c t i o n   i n   n o i s e   l e v e l .  The answer 
here  then i s  "NO". People are s e n s i t i v e   t o  some changes, a t  l e a s t  when the re  
are  changes i n  dayt ime  noise   levels .  

The second  question is whether  nighttime  reactions are integrated  over  
very  long  per iods.   In   this   s tudy  only  about  a month had e lapsed   s ince   the  
change.  People may still have  been r eac t ing  t o  something t h a t  happened l a s t  
summer when they were kept  awake €or  one  night.  I t h i n k   t h a t  a long  period  of 
i n t eg ra t ion  i s  a p o s s i b i l i t y .  W e  w i l l  come back t o   t h e  problem later bu t  I 
shou ld   s ay   t ha t   s ince   t he   pa r t i cu la r   ques t ion   a t  LAX was about   s leep   d i s tur -  
bance i n   t h e   p a s t  week, t he   pe r iod  of i n t eg ra t ion  can  probably  not   explain  this  
f inding.  

The th i rd   ques t ion  i s  whether,  even a f t e r   t h e  change,  people were exposed 
t o   a i r c r a f t   n o i s e   d u r i n g  a proportion  of  the  hours when they were t r y i n g   t o  
sleep.  There is  a change here  during a very   subs tan t ia l   per iod   of  7 hours. 
However, most people sleep 8 hours  instead  of 7. Some don ' t  even t r y   t o   s l e e p  
u n t i l   a f t e r  2300. Others may be  up  before 0600. A s  a r e s u l t ,  most people are 
exposed t o  some a i r c r a f t   n o i s e   d u r i n g   t h e   t i m e   t h e y   t r y  t o  s leep .  I examined 
t h i s  2300 t o  0600 per iod  in   the  second Heathrow survey and  found t h a t  96 per- 
cent   of   the   populat ion would still have some f l igh ts   go ing   over   dur ing   the i r  
s leep  per iod.   This  may par t ly   explain  the  cont inued  s leep  dis turbance a t  LAX. 
Whatever the   explana t ion ,   the   cen t ra l   f ind ing  i s  tha t   a f te r   an   impor tan t   reduc-  
t i o n   i n   t h e  number o f   f l i g h t s ,   t h e r e  w a s  no decrease  in  nighttime  annoyance. 
!rhis r a i se s   t he   fou r th   ques t ion ,  Does the  number of f l i g h t s  have  only a small 
e f f e c t  a t  night?   (See  f ig .  4.)  

20 



There is some evidence which sugges t s   t ha t   t he  number e f f e c t  and o t h e r  
components of  the  response model should   be   d i f fe ren t   for   the  day  and n ight .  
I would l i k e  t o  j u s t  mention a few f ind ings .   Seve ra l   s tud ie s   i n   add i t ion  t o  
the  LAX s tudy   sugges t   tha t   the  number e f f e c t  is weaker a t  n ight   than   dur ing   the  
day. In   the  second Heathrow survey  the  noise  and number t r ad ing   f ac to r  w a s  
weaker a t  n ight .  The railway  survey which I conducted i n  Great B r i t a i n  showed 
t h a t  though the  peak  noise   levels  a t  n igh t  had an e f f e c t ,   t h e  number of  events 
a t  n igh t  had v i r t u a l l y  no e f f e c t  on  annoyance. Some of t he  work John  Ollerhead 
has  done  suggests  that   the number e f f e c t  may be weaker a t  n ight .  On t h e   o t h e r  
hand, I w i l l  have to   s ay   t ha t   t he   ev idence  is not   completely  c lear .  One p iece  
of Paul Schomer 's work sugges t s   t ha t   t he re  may be a f a i r l y   s t r o n g  number e f f e c t  
a t  night .  

Day and night  response models  can a l s o   d i f f e r   w i t h   r e s p e c t   t o   c e r t a i n  
media t ing   var iab les ;   tha t  i s ,  the re  i s  some evidence  that   people 's   responses 
are a f f ec t ed  by d i f f e r e n t   v a r i a b l e s  a t  n igh t  more than  during  the  day. 
D r .  Langdon i n  England  and Aubrey in  France found that   o lder   people   and women 
a re  more l i k e l y   t o   b e   d i s t u r b e d  by n o i s e   a t   n i g h t   t h a n   a r e  younger  people o r  
men. In   gene ra l ,  w e  f i nd   t ha t   age  and  sex  do  not  affect  daytime  annoyance. 

The second  general   f inding from t h e   s t u d i e s  is  t h a t   t h e  simple time-of-day 
weighting model which we examined e a r l i e r   ( f i g .  2 )  i s  inadequate.  One reason 
for   th i s   conc lus ion  i s  t h a t   t h e r e  is  not  a consistent  f inding  on  the  weights.  
Although  generally  nighttime  noise i s  more annoying,   di f ferent   s tudies   have 
provided   d i f fe ren t  estimates for   the  value  of   the  night t ime  weight ing  factor .  
Depending on the   s tudy ,  you can   f ind   suppor t   for  from a 0 t o  1 7  dB weighting. 
The f i r s t  Heathrow study  suggested  that  1 7  N N I  (noise  and number index) w a s  a 
reasonable f i r s t  adjustment.  That  has  been  transformed by o ther   researchers  
into  other  energy  measures  with  different  assumptions  to show there  should  be 
e i t h e r  an 11 o r  a 1 4  dB weighting. The railway  study I conducted  indicated no 
e f f e c t   f o r  numbers of night t ime  events .  Borsky sugges ts   tha t   h i s   da ta   suppor t  
a 3 dB weighting. Schomer suggested  something l i k e  7 t o  10 dB.  The most 
s t r i k i n g   f e a t u r e  of t he   r epor t s   p re sen t ing   t hese   f i nd ings  i s  the   t en t a t iveness ,  
even  €or researchers ,   wi th  which t h e y   s t a t e   t h e i r   f i n d i n g s .  I would l i k e   t o  
quote from the  much h e r a l d e d   f i r s t  Heathrow study. " W e  must  emphasize  however, 
tha t   th i s   par t icu lar   conc lus ion   concern ing   c r i t i ca l   n ight t ime  exposure   l eve ls  
must be  regarded as only a v e r y   t e n t a t i v e   e s t i m a t e ,   i n  view  of the  scanty 
evidence on  which it i s  based." I t h i n k   t h a t   i f  we took  the t i m e  t o  go over 
the  evidence w e  would f ind   t ha t ,   i f   any th ing ,   t he   s t a t emen t   ove res t ima tes   t he  
qual i ty   of   the   evidence.  

The second  point I would l i k e   t o   b r i n g  up i s  that  the  simple  time-of-day 
weighting model is inconsis tent   with  the  research  evidence.   This   should  be 
leaping  out  a t  you  by now. Half  of t h e  time-of-day  research assumes t h a t  you 
can use   the  same metric f o r  day  and n ight   (on ly   the   weight   d i f fe rs ) ,  while the 
o the r   ha l f  shows t h a t  you cannot  use  the same metric f o r  day  and  night. The 
simple  time-of-day  weighting model is incons is ten t   wi th   the   research   f ind ings .  
What do w e  conclude  then?  (See  fig. 5. ) 

There are t w o  conc lus ions .   F i r s t ,  we need a more realist ic conceptual 
framework t o  take  into  account  the  differences  in  the  response  models  for  the 
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n igh t  and the  day.  Second, w e  need some  new types of  study  approaches. 
Ollerhead,   the   authors   of   the  TRACOR surveys,  and a number of   o ther   researchers  
have a l l  pointed out  t h a t  one of t h e  major reasons w e  d o n ' t  have d e f i n i t i v e  
f ind ings  from e x i s t i n g   s t u d i e s  is tha t   the   dayt ime  and   n ight t ime  no ise   l eve ls  
are too   h ighly   cor re la ted   in   the   samples .   In   fac t ,  we should  not  be too sur- 
p r i s ed  a t  the   l ack  of progress  when we r ea l i ze   t he re   has   neve r  been a study 
which has   been   spec i f ica l ly   des igned   to   ob ta in  good est imates   of   the   night t ime 
weighting. A l l  t he   f i nd ings  come from s t u d i e s  which were des igned   for   o ther  
purposes . 

The two conc lus ions   i n   f i gu re  5 can  be  seen as the   ou t l i ne   fo r   t he   r e sea rch  
par t  of t h i s  workshop. I w a n t  t o  t r y   t o  cover  the  conceptual framework i n   t h i s  
paper. The study  approaches w i l l  be  the subject o f  one of the  remaining  round- 
tables and  workshops. 

I have my own time-of-day  response  model ( f i g .  6). It has  been  labeled 
" ten ta t ive"   to   encourage   d i scuss ion .  The ove ra l l   r e sponse   t o   no i se  i s  some 
funct ion  of  what  happens during some number o f   d i f f e ren t   pe r iods .  What i s  
important  about  each  period is ,  f i r s t ,   t h e   n o i s e .  The purposely  vague term 
"noise" is  used  here  because I ' m  no t   sure  what s o r t  of me t r i c   o r   desc r ip t ion  
we ought t o  have.  What's  happening i n  the   per iod   has  t o  do with  the  noise  as 
w e l l  as any mediat ing  var iables .  Beyond t h a t   t h e r e  are t h e   q u e s t i o n s   a s   t o  
how the   cha rac t e r i s t i c s   o f   t hese   d i f f e ren t   pe r iods  are being combined. Is it 
energy  addi t ion  or  is  it some s o r t  of   independent   effects   addi t ion?  Last  is  
the  question  of  weighting. How much weight  should  be  given t o  the  noise  
environment i n  each  period? 

This model suggests  a research  program  where it i s  necessary t o  def ine   the  
number of time periods,  the  dose  response model for   each  t i m e  per iod,   the  medi- 
a t i n g   v a r i a b l e  models, a model f o r  combining a l l  t he   pe r iod   e f f ec t s ,  and the  
weights  for  combining  the  periods.  In  the  remaining  time, I would l i k e   t o   j u s t  
b r i e f l y  go through  each of these  components to   pu t   forward  what I th ink   the  
major issues a re .  

The f i r s t  problem is the   def in i t ion   o f  time periods,   There is  obviously 
a day/evening/night  possibil i ty.   Perhaps  there  should be more per iods.  I t  may 
be t h a t  weekends are d i f f e r e n t .   G a l a n t e r   i n  some o f   h i s  work has  even  sug- 
g e s t e d   t h a t   t h e r e  may be some s o r t  of an   i n t e rac t ion ,   t ha t  on the  weekend there  
might  need t o  be a d i f f e r e n t   d i v i s i o n  of the   per iods .  I have,  however,  looked 
a t   t h e  TRACOR da ta .  They sugges t   t ha t   t he  same t ime  per iods  apply  for   the 
weekend as during  the week, even  though there  might be a heightened  reaction on 
the  weekends. 

NOW, consider  the  second  point,  the  dose  response model for   each  per iod.  
(See f i g .  7 . )  I see   th ree   research   a reas   here .  The f i r s t  is the  noise   metr ic .  
We've said t h e r e  is some evidence  that   the  number of e v e n t s   h a s   l e s s   e f f e c t   a t  
night  than  during  the  day.  Perhaps  the  energy model doesn ' t   represent  a l l  
per iods.  A second  issue i s  the  shape  of  the  dose  response  relationship.  A s  
I mentioned  before,  there may be some s o r t  of t h re sho ld   e f f ec t   he re .  I don ' t  
know of  any good survey  research  evidence on t h i s   i s s u e .  It may seem f a i r l y  
obv ious   t ha t   i f  w e  want t o  look a t  the  response a t  n ight ,  w e  have t o  look a t  
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that   response  against   the   night t ime  noise   level .  All t h e   p u b l i s h e d   r e s u l t s  
t h a t   I ' v e   s e e n ,  which  compare dayt ime  and  night t ime  act ivi ty   interference by 
noise   level ,   graph them both   aga ins t   the  same 24-hour no i se   l eve l .  The only 
ana lys i s  which provides some evidence  on  thresholds i s  some work in   Swi tzer land  
where the   no ise  is  represented by Leq f o r   e a c h   p e r i o d .   I n   t h a t   p a r t i c u l a r  
case ,   there  is no evidence that  the  shapes are any d i f f e r e n t   f o r   d i f f e r e n t  
times  of  day. The third  dose  response  issue i s  the  more usual  one. The 
quest ion is  simply  whether  the  degree  of  response is  d i f f e r e n t  a t  d i f f e r e n t  
times of  day  even  though the  response model is otherwise  the same during  the 
d i f f e ren t   pe r iods .  

The t h i r d  set  of  research  issues  for  the  t ime-of-day  response model  con- 
cerns   the   media t ing   var iab les   ( f ig .  8 ) .  There are a number of   issues  w e  could 
ta lk   about   here  which are o u t l i n e d   i n   f i g u r e s  9 and 10. I ' m  j u s t   go ing  t o  
focus on the   second  i s sue   in   f igure  8: the   e f fec t   o f   the   va lue   o f   the  medi- 
a t ing   var iab le   dur ing   the  t i m e  pe r iod .   In   t h i s   ca se ,   t he re  is the  same 
relat ionship  of   mediat ing  var iable   to   response  in   the two t i m e  periods.  For 
example,  where the re  is a low ambient  noise  level,   people are more annoyed 
than where the re  is  a high  ambient  noise  level.  During  the  daytime,  though, 
most  people (90% i n   f i g .  8) are i n  high-ambient-noise-level  conditions;  thus, 
the  total   response  should be  something l ike  the  dashed  l ine  in   t ime  per iod 1. 
A t  n igh t  most people (90% i n   f i g .  8) a r e   i n   t h e  low-ambient-noise  condition; 
thus ,   there  may be a heightened  overall   response  such  as  the  dashed  l ine i n  
per iod 2 .  There  are a number o f   med ia t ing   va r i ab le s   l i s t ed   i n   t he   r e sea rch .  
Those I have  seen a r e   l i s t e d   i n   f i g u r e  9:  the  t ime a person  spends a t  home, 
the  room i n   t h e  house t h a t  a person  s leeps  in  (Is it in   t he   back? ) ,  and 
ambient  noise  level.  I t  has  been  suggested  that  age and sex  have a d i f f e r e n t  
e f f e c t  on  daytime  and nighttime annoyance. 

Now l e t ' s   c o n s i d e r   t h e  last time-of-day  research  issue:  the model f o r  
combining p e r i o d s   ( f i g .  11). I suggest two a l t e r n a t i v e  models here .  One is 
the  energy summation  model such  as Ldn. This  can  be compared t o   t h e  indepen- 
d e n t   e f f e c t s  model. In   the  independent   effects  model, t h e   e f f e c t  of  any  one 
t i m e  per iod is  independent  of  the  noise  level  in  the  other  period. N o  matter 
what t he   no i se   l eve l  i s  during  the  day, i f  you reduce  the  nighttime  level by a 
c e r t a i n  amount the re  w i l l  always  be  the same annoyance reduction.  That is 
q u i t e  a d i f f e r e n t  model from the  energy summation  model. J u s t   t a k e  as an 
example, a 70 dB L during  the day  and 50 dB L during  the  night .  W e  could 
ask  whether  there 1s any  value  in   fur ther   reducing  the  noise   level  a t  n ight .  
Well ,   with  the  independent  effects model t he re  i s ;  by fur ther   reducing  night-  
t i m e  noise ,   there   can be a f u r t h e r   s u b s t a n t i a l   r e d u c t i o n   i n  annoyance. 
According to  the  energy summation model, on the  other  hand,  because  the  effect  
of the  ant i log  of   the  night t ime  level  would be   comple te ly   los t   in   the   an t i log  
of   the  dayt ime  level ,   there  would be no b e n e f i t  a t  a l l  in   reducing   the   no ise  
l e v e l   f u r t h e r  a t  n ight .  I have  discussed  only two models bu t   have   l e f t  open 
the   d i scuss ion   of   o ther   poss ib i l i t i es   wi th   the   "Others????"   ca tegory .  A model 
which might f i t   h e r e  would be  one  'which would allow €or time-of-day  weights t o  
vary  with  the amount of t i m e  people   are  a t  home. This  is j u s t  one  of a v a r i e t y  
of  other  approaches  which  might  be  suggested. 

eq eq 

23 



L e t ' s  note  one  condition whi'ch i s  needed for a c r i t i ca l  tes t  t o  choose 
between t h e  models. The requirement is t h a t  a study  be  designed where the  day 
and n igh t   no i se   l eve l s  are no t   t oo  hi'ghly co r re l a t ed .  

The l a s t  research  issue is the   t r ad i t i ona l   one  of choosing  weights  for 
combining  noise  periods.  This is es sen t i a l ly   one  of so lv ing  an equat ion   for  
values  of the  weights. O f  course,  you have t o  decide which of t h e   a l t e r n a t i v e  
models w i l l  be considered. I don ' t  know of many attempts t o  choose  between 
those t w o  models. In   fact ,   because day and n i g h t   l e v e l s  are so highly  cor- 
r e l a t e d ,   t h e r e   a r e n ' t  good d a t a   s e t s  t o  help  choose  between  the  models.  In 
genera l ,   the  weak e f f ec t s   o f   n igh t t ime   l eve l s  on o v e r a l l  annoyance i n   t h e  LAX 
study  and  second Heathrow study  suggest  that   perhaps  the  energy summation  model 
makes somewhat more sense. On the   o the r  hand,  where  the t w o  models were 
examined in   Brad ley ' s  work on t r a f f i c   n o i s e   i n  Canada, a s l igh t ly   h igher   cor -  
r e l a t i o n  was found  €or  the  independent  effects model. I th ink   t he   i n t e rco r -  
r e l a t i o n s  are so s t r o n g   t h a t   t h e r e   i s n ' t  a l o t  to  be drawn from t h e s e   r e s u l t s .  

I have  suggested a time-of-day  response  model. I th ink   t h i s   r e sea rch  
approach  contains two suggest ions  €or   s tudy  design  discussions i n  the  workshop 
and roundtable .   (See  f ig .  1 2 . )  F i r s t ,  a wide  range  of  time-of-day  environ- 
ments i s  needed for   s tudies .   Secondly,  I would s u g g e s t   t h a t  this l a rge  t i m e -  
of-day model w i l l  have t o  be developed  sequent ia l ly .  The complexities  and 
number of unknowns wi th   respec t  to basic  questions  about  the  shape  of  the 
r e l a t i o n s h i p  and the   no ise  metric a r e  so g r e a t   t h a t  it seems t o  be  unlikely 
t h a t  we are going t o  spec i fy   the  model i n  a s ing le   r e sea rch   p ro j ec t .  Most 
l i k e l y  w e  w i l l  have to   deve lop  any  model sequent ia l ly .  
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OVERVIEW OF PAPER 

REVIEW TIME-OF-DAY RESEARCH EFFORT 

EXAMINE COMPLICATIONS RAISED BY RESEARCH FINDINGS 

OFFER CONCEPTUAL FRAMEWORK  FOR  TIME-OF-DAY RESEARCH 

SUGGEST IMPLICATIONS FOR RESEARCH METHODS 

Figure 1 

PREVIOUS  TIME-OF-DAY  RESEARCH  ISSUES 

NIGHTTIME RESPONSE MODEL 

Annoyance  Daytimlo[/  Annoyance  Nighttiie' [/ 
Noise  (during Day) Noise  (during  Night) 

TIME-OF-DAY  WEIGHTING  MODEL 

Simple  Model 

OVERALL  RESPONSE K L, + W LNICHT + C 

Figure 2 
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LAX NIGHT FLIGHT REDUCTION  STUDY 
APRIL 18-28, (328 INTERVIEWS) 

-20% REPORT  SLEEP  INTERFERENCE (50 FLIGHTS  A  NIGHT) 

APRIL 29, ALMOST  COMPLETE  ELIMINATION OF FLIGHTS  FROM 2300-0600 

MAY 29-JUNE 1 1 ,  (228 INTERVIEWS) 

-22Z REPORT  SLEEP  INTERFERENCE 

QUESTIONS  RAISED BY LAX  STUDY 
ARE PEOPLE  INSENSITIVE TO ANY  CHANGE? 

ARE NlGHlTME REACTIONS  INTEGRATED  OVER  VERY  LONG PERIODS? 

WERE PEOPLE  EXPOSED TO AIRCRAFT  NOISE  DURING  SOME  SLEEP  HOURS? 

DOES  THE  NUMBER OF EVENTS  HAVE  ONLY  A SMALL  EFFECT  AT  NIGHT? 

Figure 3 

FINDINGS FROM TIME-OF-DAY RESEARCH 

RESPONSE  MODELS  DIFFERENT FOR  DAY  AND  NIGHT 

WEAK NUMBER EFFECT AT NIGHT 

MEDIATING  VARIABLES 

SIMPLE TIME-OF-DAY WEIGHTING  INADEQUATE 

NO CONSENSUS ON  WEIGHTS 

INCONSISTENT 

Figure 4 
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CONCLUSIONS ABOUT TIME-OF-DAY  RESEARCH  STRATEGY 

MORE REALISTIC CONCEPTUAL FRAMEWORK NEEDED 

NEW TYPES OF STUDY  APPROACHES NEEDED 

Figure 5 

TENTATIVE  TIME-OF-DAY  RESPONSE  MODEL 

MODEL 
Period 1 Period 2 Period t 

OVERALL RESPONSE = f [W,(NOISE,, M,), W,(NOISE,, Ma), ... W,(NOISE, M,)] 

0 RESEARCH PROGRAM TO DEFINE COMPONENTS IN MODEL 

Definition of Time  Periods 

Dose Response Model for  Each Time Period 

Mediating  Variable Model for Each Time  Period 

Model for Combining  Period  Effects 

Weights for Combining  Periods 

Figure 6 



DOSE  RESPONSE MODEL FOR  EACH PERIOD 
RESEARCH  ISSUES 

NOISE METRIC 

0 SHAPE OF CURVE 

l o r  
Annoyance Annoyance 
(Period 1) (Period 2) 

Noise  (Period 1 ) Noise (Period 2) 

DEGREE OF RESPONSE 

Annoyance Annoyance lo[/ 
(Period 1 ) (Period 2) 

Noise  (Period 1) Noise  (Period 2) 

Figure 7 

MEDIATING  VARIABLE  MODEL FOR EACH  TIME PERIOD 
RESEARCH  ISSUES 

0 EFFECT OF MEDIATING VARIABLE 

Annoy an:[/ [Male Annoyan:: p K l e  
(Period 1 ) (Period 2) 

Female 

Noise (Period 1 )  Noise (Period 2) 

VALUE OF MEDIATING  VARIABLE  DURING TIME PERIOD 

Annoyance 

High (10%) 
L 

Noise (Period 1) Noise (Period 2) 

(Ambient Noise Levels) 

Figure 8 
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MEDIATING VARIABLES 

CONTRASTING  EFFECT  VARIABLES 

Sex 

Age 

DIFFERENT  VALUES FOR MEDIATING VARIABLE DURING  TIME  PERIOD 

Ambient Noise Level 

Exposure Position at  Home 

Time at Home 

Figure 9 

DEFINITION  OF  TIME PERIODS 

SEPARATE TIME 

Different 

Different 

Different 

Different 

PERIODS  NEEDED WHEN: 

Noise  Metric 

Dose  Response  Relationship 

Mediating  Variable  Effect 

Mediating  Variable  Values 
Figure 10 
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MODEL FOR COMBINING PERIODS 

ALTERNATIVE  MODELS 

0 INDEPENDENT  EFFECTS 

OVERALL  IMPACT = /3,(NOISEl) + fi,(NOISE,) 

0 ENERGY  SUMMATION 

OVERALL  IMPACT = 10 bgl&?l(antiro&) + &(.nfilo&)] 

OTHERS???? 

CRITICAL TEST 
0 ANNOYANCE  FOR  DIFFERENT PROPORTIONS OF DAY  AND NIGHT  NOISE 

Figure  11 

IMPLICATION OF RESEARCH  APPROACH 
FOR STUDY DESIGN 

WIDE RANGE OF TIME-OF-DAY ENVIRONMENTS NEEDED 

MODEL  MUST BE DEVELOPED  SEQUENTIALLY 

Figure 12 
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ROUNDTABLE I - POLICY/IMPACTS 

Chairman: J. E. Densmore 
Federal  Aviation  Administration 

J. E. Densmore, Federal   Aviation  Administration: The p lanning   of   th i s  
workshop  began e a r l y  last  f a l l .  When Congress  heard  about it, it was j u s t  
enough i n c e n t i v e   t o   r e s o l v e   s e v e r a l   y e a r s  of debate  on n o i s e   l e g i s l a t i o n .  They 
r ea l i zed   t ha t   t hey   be t t e r   hu r ry  up and t e l l  t h e  FAA what t o  do. And a s  John 
Wesler  has  already  mentioned t o  you they came out  with  the  Aviation  Safety and 
Noise  Abatement  Act  of  1979. Now I d o n ' t  know  how they   da te   th ings   in   Congress .  
That   act  w a s  voted on i n  1980 and s igned  into l a w  i n  1980 but  it is  t h e   a c t  of 
1979. A s  John Wesler  mentioned  they  put  in  Tit le I ,  which r equ i r e s   t he  FAA t o  
e s t a b l i s h  by regula t ion  a system for  measuring  noise,  a system fo r   eva lua t ing  
noise ,  and to  identify  normally  compatible  land  uses.  A s  w e  s a i d   t h e  i n i t i a l  
reac t ion  i s ,  wel l ,   a ren ' t   these   met r ics  dBA and Ldn? We've had a number of d i s -  
cuss ions   a l ready   th i s  morning  of some of our  concerns  about  this. We be l ieve  
t h a t   t h e   b a s i s   f o r  Ldn should  be  examined,  both  the  amplitude and the  time  base 
f o r  it. I t  is  n o t   o u r   i n t e n t   h e r e   t o   c r i t i c i z e  any of the   research   tha t   has  
gone  on; r a t h e r ,  we wanted t o  assemble a group  of expe r t s ,  a group  of  profes- 
s iona l s   bo th   i n  and out  of t he  government, t o  review  the  s i tuat ion.  We would 
hope t h a t   t h i s  workshop i d e n t i f i e s   a r e a s  of fu tu re   r e sea rch ,  which would pro- 
vide  prof i table   answers   to   the  Nat ion 's   needs.  You have already  noted  that  it 
is  very   un l ike ly   tha t   fu ture   research  w i l l  be  planned,  funded, and implemented 
in   t ime  to   evolve   suf f ic ien t   in format ion   tha t  would in f luence   ru l e  making 
act ion  within 1 2  months. Bu t  cer ta in ly   the   d i scuss ions   here   concern ing   pas t  
research and ongoing  research w i l l  in f luence  it, and c e r t a i n l y   t h i s  is an open 
ques t ion   i n   t he   s ense   t ha t  any r e g u l a t i o n ,   i n   l i g h t  of new information,  can  be 
amended i n   t h e   f u t u r e .  I th ink  we a r e   a l l   m o t i v a t e d   t o  maximize the  accept- 
a b i l i t y  of a v i a t i o n   i n   t h e  communities  which av ia t ion   se rves .   Therefore ,  we 
f e e l  it is  important   that   noise   exposures  be dep ic t ed   r e l i ab ly .  If a i r p o r t s ,  
f o r  example, are   consider ing  implementing  res t r ic t ions  a t   a i rports ,   the   environ-  
mental   benefi ts   of   these  res t r ic t ions  need  to   be  properly  evaluated and 
assessed  in  order  that   reasonable  conclusions  have a chance  of  being made. 

The purpose  of t h i s   round tab le  is t o   s e t   t h e   s t a g e   € o r   t h e   o t h e r  workshop 
discussions.  We have inv i ted   pane l  members here  who represent   o rganiza t ions  
which  have  been v i t a l l y   a f f e c t e d  by noise  impacts and the  means of represent ing  
these  impacts. We thought it was important,   then,  for  each  of them t o  make a 
statement as t o  what they  consider  important and what they want on your  minds 
a s  we cont inue   in   these  workshop d iscuss ions .  A s  mentioned e a r l i e r ,  we a r e  
planning on i s su ing  a proceedings on t h i s  workshop, and i f  any  of  you  have  pre- ' 

pared  statements,  w e  would appreciate   copies   of  them. 

A t  t h i s  t i m e  I would l ike   each   of   the   pane l  members t o  make a b r i e f   s t a t e -  
ment as t o  what t h e y   f e e l  is  important  in  considerations  of  t ime-of-day 
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assessments and then w e  would l i k e   t o  open the   pane l   t o   d i scuss ion  from the  
audience. However, we d o n ' t  w a n t  t o  g e t   i n t o   t e c h n i c a l   d e t a i l  a t  t h i s   p o i n t ;  
I t h i n k   t h e   t e c h n i c a l   d e t a i l s  are much more impor tan t   in   the  workshops. W e '  
would l i k e  t o  restrict the   d i scuss ions   t o  areas of c l a r i f i c a t i o n ,   o r   p o s s i b l y  
o the r   v i ews .   F i r s t ,  I would l i k e   t o   i n t r o d u c e  Rudy Marrazzo  from the  
Environmental  Protection Agency. 

Rudolph M. Marrazzo,  Environmental  Protection Agency: I am very  pleased  to  
be  here   today  to   share   in   the work and d i scuss ions   o f   t h i s  workshop.  With such 
an experienced  group  br inging  their   col lect ive knowledge t o   b e a r  on t h e   t o p i c  
of  time-of-day co r rec t ions   fo r   no i se   desc r ip to r s ,  I am s u r e   t h a t   t h e   r e s u l t s  
of t h i s  workshop w i l l  be   qui te   product ive.  A s  p a r t  of my cont r ibu t ion ,  I would 
l i k e  t o  t ake  a few minutes t o  review E P A ' s  o r i g i n a l   s e l e c t i o n  of the  day-night 
average sound l eve l ,   w i th  i t s  inherent  10  dB weighting  incorporated  for  night- 
t ime  noise,  and t o   d i s c u s s  some cons idera t ions   tha t  EPA fee ls   a re   impor tan t   for  
improving  time-of-day p e n a l t i e s .  

. - . . . . . . . - - 

A t  t h e   o u t s e t ,  l e t  m e  summarize E P A ' s  po in t  of  view on the  use of  sound 
descr iptors   for   assessing  environmental   noise .  A s  you know, EPA r e l i e s   h e a v i l y  
on the  Ldn,  with i t s  10 dB nighttime  weighting. We have ,   i n   f ac t ,   a c t ive ly  
encouraged i ts  use by a l l   federa l   agencies   concerned   wi th   no ise   cont ro l ,  as 
w e l l  as by s t a t e s  and mun ic ipa l i t i e s   fo r   u se   i n   t he i r   no i se   a s ses smen t  and cont ro l  
a c t i v i t i e s .  We r e a l i z e   t h a t   f u t u r e   r e s e a r c h  may i n d i c a t e  a weighting  value 
e i t h e r   g r e a t e r   o r  smaller than  the 10 dB  may be  appropriate  and the   bes t   p re -  
d i c t o r  of human response. W e  a r e  aware of t h e   c r i t i c i s m s  of t h e  10 dB night- 
time  weighting, and we f u l l y   s u p p o r t   c o l l e c t i v e   e f f o r t s   l i k e   t h i s  workshop 
which w e  hope w i l l  l e ad   t o   t he   r e sea rch   o r   s tudy   t ha t  i s  necessary  to  determine 
the  appropriateness  of various  time-of-day  weightings. 

In   regard t o  time-of-day p e n a l t i e s ,  it seems t h a t   t h i s  workshop w i l l  con- 
c e n t r a t e  on various  technica' l   aspects  such as the   d i rec t ion   of   appropr ia te  
r e s e a r c h ,   t h e   i n t e r p r e t a t i o n  of r e s u l t i n g   d a t a ,  and the   use  of r e s e a r c h   r e s u l t s  
t o  weigh the  merits of d i f fe ren t   sys tems of  time-of-day  weightings.  Neverthe- 
l e s s ,  a t  t he  same t i m e ,  we should  not  ignore some of   the   o ther   l ess   t echnica l ,  
bu t   impor t an t ,   f ac to r s   t ha t  must govern the   s e l ec t ion  and. adoption  of  descrip- 
t o r s   o r   no i se   me t r i c s  t o  be  used  €or  noise  assessment  purposes.  These  factors 
i nc lude   va r ious   s c i en t i f i c ,   t echno log ica l ,  economic, and soc ia l -pol icy  con- 
s ide ra t ions   i nhe ren t   i n   t he   cho ice  of a p a r t i c u l a r   m e t r i c  of  time-of-day 
weighting. 

I t  would f i r s t   b e   h e l p f u l   t o   r e v i e w  how and why EPA se l ec t ed   t he  Ldnr o r  
the  day-night  average  sound  level,   for  use  as a s ing le ,   un iversa l   no ise   descr ip-  
t o r .  The s p e c i f i c   r e a s o n s   f o r   t h i s   s e l e c t i o n  were d e t a i l e d   i n   t h e  EPA l e v e l s  
document publ i shed   in  1974. B r i e f l y ,  Ldn i s  an A-weighted equivalent  sound 
l eve l   w i th  an added penalty  or  weighting  €or  nighttime  exposure.  A-weighting 
w a s  chosen as  the  frequency  weighting  €or  measuring sound levels   because it is  
convenient   to   use,  it accurately  corresponds  to  human subjec t ive   response ,  and 
it is  already  in  use  extensively  throughout  the  world.  For  sounds  which  vary 
in   l eve l   over   t ime,   the  A-weighted equivalent  sound l e v e l  L was chosen t o  
provide a single-value  characterization  of  environmental   nolse.  It  w a s  a l s o  
selected  because it correlates   reasonably w e l l  wi th   the many e f f e c t s  of  noise 

eq 
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on people,  even f o r  wide var ia t ions   in   envi ronmenta l   no ise   l eve ls  and t i m e  
patterns, provided   tha t  it w a s  no t  an e f f e c t  where the  t i m e  of occurrence - 
daytime  versus  nighttime - w a s  re levant .   For   the lat ter case ,   the  Ldn w a s  
se lec ted  as a descr iptor   for   t ime-varying  noise   for  a 24-hour p e r i o d ,   d i f f e r i n g  
from t h e  Leq i n   t h e   1 0  dB weighting imposed for   the  night t ime  hours  of 
1 O : O O  p.m. €0 7:OO a . m .  Available  information showed t h a t   t h i s  scheme corre- 
lates with human response t o   n o i s e   a s   w e l l  as more complicated  metrics  or 
r a t i n g  schemes,  such as t h o s e   t h a t  may have d i f f e r e n t   c o r r e c t i o n s   a p p l i e d   t o  
daytime,  evening, and nighttime  periods.  Furthermore, Ldn has   the   v i r tue   o f  
s impl ic i ty .  The Ldn desc r ip to r  is  now typ ica l ly   u sed   t o   cha rac t e r i ze   t he  out -  
door  noise  environment  in  urban  areas. I t  has  the  advantage  of  being  convenient 
t o  use ,  and it is a p p l i c a b l e   t o   a l l  major  sources  of  noise,  such as t r a f f i c  
no i se ,   a i r c ra f t   no i se ,   cons t ruc t ion   no i se ,  and so  f o r t h .  Thus, i n   t h i s   s e n s e ,  
Ldn  may be  termed a un ive r sa l   desc r ip to r .  

This   br ief   review  br ings u s  t o   t h e   p r e s e n t ,  and to   t he   focus   o f   t h i s  work- 
shop. The quest ion which w e  wish t o   b r i n g   t o   b e a r  is what other   factors   should 
t h i s  workshop  keep i n  mind as it considers  research  steps  for  the  development 
of a more s c i e n t i f i c a l l y   i d e a l  time-of-day  weighting  penalty  system. I n  t h i s  
regard,  I hope t o   l e a v e  you with one  thought: The cons ide ra t ions   t ha t  need t o  
be made a t  t h i s  workshop a r e  much more complex than   s imply   in i t ia t ing  and  con- 
duc t ing   labora tory ,   f ie ld ,   o r  community s tud ie s  of human subjec t ive   response   to  
noise   as   inf luenced by time-of-day f a c t o r s ,  and a t tempt ing   to   d i rec t ly   apply  
t h e   r e s u l t s  of   such  invest igat ions  to   the  der ivat ion of some " idea l "   desc r ip to r  
or  weighting  penalty.  

First ,  we must  keep i n  mind  some add i t iona l   s c i en t i f i c   cons ide ra t ions .   In  
consider ing  a l ternat ive  weight ing  systems,  what w i l l  t h e i r  impact  be on our 
a b i l i t y   t o  a c c o u n t   f o r   a l l  of t he   r e l evan t   e f f ec t s  of noise  on people - not  only 
annoyance, b u t ,   f o r  example, t h e   d i s t u r b i n g   e f f e c t s  of no ise  on the   s l eep  
process? We be l ieve  it is necessa ry   t o   p ro t ec t   aga ins t  more than   j u s t  annoyance. 
Our concern is  p ro tec t ing  human hea l th .   Fur ther ,  how w i l l  changing method- 
o log ie s   o f   s c i en t i f i c   s tud ie s   i n f luence   t he   s e l ec t ion  of appropriate  weighting 
f ac to r s?  The d e s c r i p t o r s  or weightinqs  that  must  ult imately  be  applied  to  pro- 
j ec t ions  of t he   e f f ec t s   o f   no i se  on people mus t  be r ep resen ta t ive  of those 
e f f ec t s ,   no t   s imp ly   r e f l ec t ions   o r   sub t l e t i e s  of t he   pa r t i cu la r   s tudy  methods 
used.  Finally,  how long w i l l  it t ake   t o   deve lop   su i t ab le   a l t e rna t ives  and 
ob ta in   an t i c ipa t ed   r e sea rch   r e su l t s ?  We b e l i e v e   t h a t   t o   p r o t e c t  human hea l th  
it is  necessary   to   use  and actively  apply  those  current,   accepted  procedures 
t h a t   a r e  now ava i l ab le  and in   u se ,   r a the r   t han  abandoning  those  techniques and 
wa i t ing   fo r  a b e t t e r  system. 

Next, we should  keep i n  mind the  impact   of   the   select ion  of  a p a r t i c u l a r  
time-of-day  weighting  system on the  implementation  of  practical,  everyday  noise 
control  measures  as  being  applied  throughout  the  United  States.   Specific  noise 
control   choices  are being made  on t h e   b a s i s  of cos ts   versus   an t ic ipa ted   benef i t s  
of no ise   cont ro l .  Of course,   the   es t imates  of b e n e f i t s  of noise  control  depend, 
i n   p a r t ,  on the  nature   of   the   noise   descr iptors   being employed. A change i n  
the  t i m e  weighting  in a met r ic  may w e l l  l e a d ,   r i g h t   o r  wrong, t o  a change i n  
the  rank  order   of   preferred  noise   control   opt ions.  For example, it may he lp  
change t h e   d e c i s i o n   f o r  a community between con t ro l l i ng   no i se  from a t ruck  
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r o u t e   t h a t  is ac t ive   dur ing   cer ta in   hours  a t  n i g h t  t o  dea l ing   wi th   no ise  from 
dayt ime  cons t ruc t ion   ac t iv i ty .  

A l s o ,  t h e r e  are some cos t   cons ide ra t ions   t ha t  are a s soc ia t ed   w i th   t he  
s e l e c t i o n  of d i f f e r e n t  time-of-day  weightings.  These  range f r o m  t h e   c o s t  of 
making base l ine  and assessment  noise  measurements, t o  the   cos t  of overestimating 
or   underest imat ing  the amount of   no ise   reduct ion   tha t  may be  required  in  a 
s p e c i f i c   s i t u a t i o n   t o   a c h i e v e  a c e r t a i n   l e v e l  of b e n e f i t .  

F ina l ly ,   t he re  are c e r t a i n   s o c i a l   i m p l i c a t i o n s   i n h e r e n t   i n   t h e   f i n a l   s e l e c -  
t i o n  and use  of a time-of-day  weighting  factor. The environmental   decisions 
w e  make have  associated  with them cer ta in   soc ia l   impl ica t ions ;   our   assessment  
methods inf luence   our   dec is ions ,  and underlying  assessment  of  course is  the  
p a r t i c u l a r   m e t r i c  or t ime-of-day  weighting  used.  In  selecting  appropriate 
time-of-day  weightings, we must  keep an eye on the   poss ib l e   imp l i ca t ions   o r  
i n f luence   o f   t ha t   s e l ec t ion .  For  example,  any  time-of-day  weighting t h a t  may 
be   se lec ted   for   use   wi th   regard   to   a i rc raf t   no ise  w i l l  undoubtedly  t ransfer   for  
u se   i n to  community no i se  programs.  Bioacoustic  research  pertaining t o  a i r c r a f t  
no ise   has   l ed   the  way t o  our  understanding of the   e f f ec t s   o f   no i se  on people. 
Any time-of-day  weighting t h a t  i s  s e l e c t e d   a p p r o p r i a t e   t o   a i r c r a f t   n o i s e  must 
be   su i t ab le   a s   we l l   fo r   app l i ca t ion   t o   o the r   nona i r c ra f t   no i se   sou rces .  
Fur ther ,  we must  consider   the  implicat ions of a l t e r n a t i v e  time-of-day  weighting 
systems on t h e   a b i l i t y  of  local  communities t o   ma in ta in   e f f ec t ive   no i se   con t ro l  
programs a t  a reasonable   cost .  Moreover, we mus t  consider  how a l t e r n a t i v e  
methods w i l l  a f f e c t  communi t ies '   des i res   to   have   the   f lex ib i l i ty   to   f ind   the  
r i g h t   n o i s e   c o n t r o l   s o l u t i o n   t o   f i t   s p e c i f i c   l o c a l   c o n d i t i o n s .  We must a l s o  
recognize  the  implicat ions of s e l e c t e d   a l t e r n a t i v e s  upon t h e  outcome  of l o c a l  
planning  decisions.  

In  summary, t he re   a r e  a number of cons ide ra t ions   t o  weigh in   t he   s e l ec t ion  
of an appropriate  time-of-day  weighting. A number of t hese  were  accounted f o r  
i n  EPA's  o r i g i n a l   s e l e c t i o n  of Ldn with i t s  10 dB weighting  for  nighttime  noise 
exposure.  Although Ldn has  performed  well, EPA i s  aware  of i t s  weaknesses. We 
suppor t   the   inves t iga t ion   of  more su i t ab le   desc r ip to r s .  But  such  descriptors 
must not  only  be more s u i t a b l e  from a sc i en t i f i c   s t andpo in t ,   t hey  must a l s o  
r e f l e c t ,   a t   l e a s t   i n  a broad  sense,   each  of  the  considerations  that  went i n t o  
the   o r ig ina l   s e l ec t ion   o f  Ldnf as we l l   a s   t he   add i t iona l   s c i en t i f i c ,   t echno l -  
og ica l ,  economic and s o c i a l   c o n s i d e r a t i o n s   t h a t  I have  mentioned. 

James F. Mi l l e r ,  Department  of  Housing  and Urban Development: I am 
p l e a s e d   t o   p a r t i c i p a t e   i n   t h i s  workshop and to   p rov ide  a brief  overview  of my 
comments and concerns  with  noise  metrics and time-of-day  corrections. 

The major  programs  of t he  Department  of  Housing and Urban Development a r e  
to   p rovide   ass i s tance   to   people  and communities for  housing and development 
a c t i v i t i e s .  W e  are concerned that  housing and o t h e r   a c t i v i t i e s  =e loca ted   in  
a suitable  living  environment.  Environmental  noise is  an i m p o r t a n t   s i t e   f a c t o r  
in   de te rmining   the   su i tab i l i ty   o f  a s i t e  for   hous ing   or   o ther   no ise   sens i t ive  
a c t i v i t i e s .  W e  c o n s i d e r   t h a t   t h e   a c t i v i t i e s   a s s i s t e d  by t h e  Department a re   no t  
noise  producers  but  noise  receivers.   Thus,  a determination must  be made by 
HUD s t a f f   t h a t   n o i s e  from externa l   sources  a t  a proposed s i t e  is acceptab le   for  
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r e s i d e n t i a l   a c t i v i t i e s .  We are also an agency  which  does  not  produce  noise 
da t a  b u t  usual ly   has  t o  r e l y  on noise   da ta   p repared  by o thers .  W e  are not  
no ise   exper t s  and the re fo re  are s u b j e c t   t o   t h e   a c t i o n s  and  agreements  of 
agencies  having  the background and experience i n  developing  noise metrics and 
a s ses s ing   t he   e f f ec t s   o f   no i se  on people. To o p e r a t e   i n  an e f f i c i e n t  and  con- 
s i s t e n t  manner, w e  d e s i r e   t h a t  a common noise  metric be  adopted  for  use by 
both  noise  producers and noise   rece ivers  and  by both  developers and use r s  of 
noise da ta .  

The Department  has a h i s t o r y  of dealing  with  environmental   noise and noise  
met r ics   da t ing  back  almost two decades.   In  the  early  1960's w e  supported  the 
ac t ions   o f   the  m i l i t a r y  and t h e  FAA when they  developed  the  guidelines on t h e  
U s e  Of composite  noise  rating CNR a s   t he   app ropr i a t e   a i r c ra f t   no i se   me t r i c .  
This w a s  day/night  weighted, and it w a s  t h e   s t a t e  of t h e  a r t  a t  t h a t  t i m e  and 
it seemed l o g i c a l  and supportable ,  so w e  used   tha t   par t icu lar   sys tem.  I n  1971 
when t h e  Department  issued a formal  noise  policy,  it dea l t   no t   on ly   wi th   a i r -  
c r a f t   no i se ,   bu t   w i th   o the r   k inds  of no ise  - r a i l r o a d s ,  highways, and indus- 
t r ia l .  Again, w e  supported  what  the  noise  data  producers and t h e   s c i e n t i f i c  
community judged t o  be   the   r igh t   k ind   of   met r ic   for   a i rc raf t   no ise  and accepted 
the  noise   exposure  forecast  NEF system, which w a s  also  day/night  weighted. 
We used a d i f f e r e n t  system  for  assessing highway noise  and a d i f f e r e n t  system 
fo r   a s ses s ing   r a i l road   no i se ;  however, these  were not  day/night  weighted  for 
ou r   s i t e   eva lua t ion .  These d i f fe rences   p resented  a problem. We d i d ,  however, 
have a day/night   weight ing  implied  in   these  nonaircraf t   noise   systems  s ince w e  
had an in te r ior   n ight t ime  s tandard   tha t   covered   the   hours  from 1 1 : O O  p.m. t o  
7 : O O  a.m. Thus, in  terms  of  the  internal  environment - the   in te r ior   envi ron-  
ment of  the  house - w e  d i d  have a weighting  system  even  though it w a s  no t  
present   in   our   exter ior   s tandards  for   nonaircraf t   noise .   Subsequent ly ,  we 
reevaluated  our   noise   pol icy and issued a comprehensive  revision on J u l y  12, 
1979. 

We were pleased  with  the EPA i n i t i a t i v e s   i n  promoting  the  day-night 
average sound l e v e l  Ldn as a uniform  metric  since w e  wanted t o  develop a 
s ing le   s t anda rd   fo r  a l l  types  of  noise.  So we adopted Ldn as   be ing   the   bes t  
metr ic   for   us   in   applying  our   noise   pol icy  to  HUD-assisted  programs. We l i k e  
t h i s   p a r t i c u l a r  system  and we f e e l   t h a t  it accommodates t o t a l  exposure  regard- 
l e s s  of the  noise   source.   This  is  important  since we have many more s i t e s  
exposed t o  highway noise   in   u rban   a reas   than  we do from a i r c r a f t   n o i s e .  We 
b e l i e v e   t h a t   t h i s   p a r t i c u l a r   m e t r i c   c o r r e l a t e s  w e l l  wi th   the  known e f f e c t s  of 
no ise  on people,  it seems t o  be  simple and understandable,  and it cons iders   the  
effects of noise  on normal r e s i d e n t i a l   a c t i v i t i e s .   I n   t h e s e   a c t i v i t i e s  w e  mus t  
be  concerned  with  sleep,  communication and o the r   u sua l   l i v ing   ac t iv i t i e s .  The 
Ldn m e t r i c   r e l a t e s   t o  annoyance and complaints  according  to  the  information 
t h a t  we have.  Since we were deal ing  with  people  and  where they   l i ve ,   t he   n igh t -  
t i m e  weighting is important  because  nighttime  ambient  noise  levels  are  lower.  
The normal a c t i v i t i e s  are a t  a slower  pace,  the  children  have gone t o  bed 
( the re fo re ,   no t  making a l o t  o f   no i se ) ,  and i n  a l l ,  external   n ight t ime  noise  is 
more in t rus ive .  

We have  watched t h e  growth  of  noise  metrics  beginning  with CNR which 
under   current   pol icy w e  no  longer   use;   under   current   pol icy  for   a i rcraf t   noise ,  
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w e  accept   only Ldn, NEF, or community noise   equiva len t   l eve l  (CNEL).  Over 
the   pe r iod   o f   yea r s   t ha t  w e  have  been  involved  with  noise,   the  transit ion from 
CNR t o  NEF seemed t o  be a s t e p   i n   t h e   r i g h t   d i r e c t i o n  and w e  supported 
t h a t  move. We have  not  supported moves to  descr ibe  environmental   noise   in  
terms of " foo tp r in t s "  or s ingle   event   noise .  

We want t o   g e t  on with  our   business ,   the   business   of   providing  services  t o  
people - mortgage  insurance  or   ass is tance  for   housing,   ass is tance  to  community 
development  and o t h e r   a c t i v i t i e s .  We can cont ro l   the   k inds   o f   ass i s tance  we 
provide   these   c i t ies ,   deve lopers ,   o r   ind iv idua ls ,   based  on cer ta in   environ-  
mental   factors  which w e  judge  important,  including  environmental  noise. We 
want t o  set t le  on a m e t r i c   t h a t  w e  t h i n k ,   a f t e r  a l l  these   years ,  is  workable. 
We bel ieve  that   whatever  metric we have f o r   a i r c r a f t   n o i s e ,   t h i s  metric must  
also correlate   with  whatever   other   kinds  of   noise  w e  are concerned  with i n  
urban  areas - noise  f r o m  highways,   industry,   ra i l roads,   e tc .  We do  bel ieve 
t h a t  a nighttime  weighting i s  important.   If  w e  are  looking a t  refinements t o  
t h e   s t a t e  of t h e  art, whether i t ' s  th ree  t i m e  per iods ,  two pe r iods ,   o r  
15 per iods ,   o r  any combination, I think it is  important   to   ask  ourselves   what  
these  ref inements   do  for   us   in   the  long  term.  I t h i n k   t h a t   i n   t h e  minds  of t h e  
genera l   publ ic  and urban  communities it w i l l  c r e a t e  more confus ion   in   th i s  
bus iness   than   there   a l ready  is. I b e l i e v e   t h a t   t h i s  is  an  important  consider- 
a t i o n   a s  we a re   beg inn ing   t o   l ea rn  of  communities  becoming i n t e r e s t e d   i n   l o c a l  
noise  regulations.   Another  question I would pose is  whether  the  changes  are 
g o i n g   t o   b e   s i g n i f i c a n t   i n   r e a l  on-the-ground s i t u a t i o n s ?  

W e  need to   proceed  with  our   business .  I would  summarize t h a t   o u r   p o s i t i o n  
is  that  the  day-night  weighted  average sound l e v e l  Ld now in  use by many 
agencies is  the   met r ic  recommended by HUD €or  defining  noise  exposure. While 
n o t   p e r f e c t ,  it evolved  from a l a r g e  body of  experience. We i n  HUD be l ieve  
tha t   t h i s   me t r i c   a l so   mee t s  most user  requirements. While add i t iona l   hea l th  
and nuisance  effects   research may, over  time,  provide some refinements t o   t h e  
day-night  weighting  factor,   the  use of Ldn should   no t   be   de layed   un t i l   th i s  
fur ther   research  is  complete. 

n 

J. Donald Col l ier ,  A i r  Transport   Association  of America: A s  most  of  you 
know, I ' m  su re ,   t he  A i r  Transport   Associat ion  represents  most  of the  major air- 
l i n e s  of the  United  States   and,  as a s soc ia t e  members, a i r l i n e s  of Canada a s  
w e l l .  We a p p r e c i a t e   t h e   o p p o r t u n i t y   t o   c o n t r i b u t e   t o   t h i s  forum a s  much as w e  
can. We are n o t   s c i e n t i f i c a l l y   o r i e n t e d ;  we d o n ' t  have a research   base   to  draw 
from; but  w e  do apprec ia te   the   oppor tuni ty  of l e t t i n g  you know  how  we th ink   t he  
subject   mat ter   impacts   our   business .  

I ' m  just  speaking  from a rough out l ine  today,  as w e  were expecting an 
informal,  untaped  workshop,  but I hope I can  give you a couple of ideas  which 
can  be  meaningful.  There  are  basically two ideas .  

One idea  is  curfew. The  Ldn d e s c r i p t o r   s t r i k e s  u s  as being a form of  cur- 
few because it encourages  us   to   operate   a t   t imes  other   than  during  the  weighted 
n ight t ime.   This   g ives   the   a i r l ines   p roblems  in   tha t  it depr ives   the   publ ic  of 
a needed service  during  the  curfew  hours. The a i r l i n e s  respond t o  a pub l i c  
need  during  the  nighttime  hours by conducting  heavy m a i l  and cargo  operations;  
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and even  though  passenger  operations are not   genera l ly  a l l  t h a t   a c t i v e  a t  night-  
t i m e ,  a number of  very  important  passenger  markets  are  served a t  night .  I t  
discourages an e f f i c i e n t   u t i l i z a t i o n  of our  equipment, and f u r t h e r ,  when you 
t r y   t o  compress a l l  of   your   operat ions  into a daytime  schedule, it c rea t e s  more 
congestion  during  those  hours. I t h i n k   t h a t  most  of you are aware of t h e  
problems w e  have  with  congestion  these  days  already. 

The second  problem w e  have is  l i t i g a t i o n .  Foremost i n   o u r  minds now i s  a 
recent  Superior  Court  of C a l i f o r n i a   d e c i s i o n   i n  a Burbank-Glendale-Pasadena 
versus  Hughes Airwes t   l i t iga t ion .   This  is  a s i t u a t i o n  where FAA, i n   g ran t ing  
money for   the   a i rpor t ,   inc luded   requi rements   in   the i r   cont rac t   for   the   a i rpor t  
opera tor  t o  keep  the  cumulative  noise a t  a given  level .  The a i r p o r t  passed i ts  
requirement on t o   t h e   u s e r s   o f   t h e   a i r p o r t   i n   t h e  form of a requirement  that  
any increased   opera t ions  had t o  b e   j u s t i f i e d   i n  advance by analysis   proving 
tha t   t he   i nc reased   ope ra t ions  would not   cause  the  cumulat ive  noise   level   to  go 
above the  prohibi ted  value.  The defenses  of Hughes Airwest, who were  sued by 
t h e   a i r p o r t  when they  increased  operations  without  providing  said  analysis,  
based on preemption and burden on i n t e r s t a t e  commerce, were defeated.  If t h i s  
type of  requirement  placed by t h e   a i r p o r t s  on the   ope ra to r s   p reva i l s  and spreads 
across  the  country as these  things  have a tendency t o   d o ,   i f   s u c c e s s f u l ,  a d i r e  
r e s u l t  would occur. 

We s e e   t h i s . a s  a great  problem, and when you are  playing  with  cumulative 
no i se   l eve l s   a s   w i th   t he  Ld d e s c r i p t o r ,  you w i l l  have a car r ie r   p lay ing   paper  
games wi th   t he   ca l cu la t ions  and r e a l l y   d e f e a t i n g   t h e   i n t e n t  of t he   r egu la t ions ,  
i . e . ,  p ro t ec t ing   t he  community. These  paper games can  be r ea l ly   qu i t e   d rama t i c  
when you are   us ing  an energy summation desc r ip to r   a s  a basis   for   your  l i m i t ,  
where 1 0  o p e r a t i o n s   a t  9:59 p.m. a r e   e q u i v a l e n t   t o  one operat ion  of   the same 
a i rp l ane  a t  1O:Ol p.m. and where 10 operat ions  of  an  a i r p l a n e   a t  90 dB a r e  
equ iva len t   t o  100 o p e r a t i o n s   a t  80 d B .  I think  those  types of  paper games 
r e a l l y   d e f y   l o g i c ,  and so we are   deceiving  ourselves  and we're   deceiving  the 
publ ic ,  which is very  problematical   to  us .  

n 

A number of th ings  have  been s a i d   f o r   t h e   s i m p l i c i t y  of t he  Ldn d e s c r i p t o r ,  
and I t h i n k   t h e   a i r l i n e s   o r  a number of  us  have i n   t h e   p a s t  been  very much i n  
tune  with  that   idea.  B u t  when you c o n s i d e r   t h e   p o t e n t i a l   f o r   l i t i g a t i o n   t h a t  
is a r i s i n g  a t  our   a i rpor t s ,   the   concept  of s i m p l i c i t y   i n  a no i se   desc r ip to r  is  
j u s t  way out  - w e  should sh i f t   t he   focus   t o   accu racy .  

Moving toward a conclusion, I would l i k e   t o  go back t o  the  introductory 
remarks  about  the  congressional  mandate  for a new no i se   desc r ip to r .  I would 
say   t ha t   t he  mandate  does  not  include a requirement t o  s tandard ize   wi th   the  
o the r  government  agency opera t ions  and the   o the r   me t r i c s  even  though t h e r e  i s  
no doubt   tha t  it i s  d e s i r a b l e   t o  have  uniformity  across  the  country.  I t  seems 
t o   s a y   t h a t  w e  have  got  to  have a new met r ic  and we c a n ' t   s t i c k   w i t h  what we 
have - what we have is  too  simple.   Further,  I would th ink   t ha t   wha t ' s  happen- 
ing   wi th   the  Lan metric when you have a night t ime  weight ing  factor ,   or  even 
wi th   the   o ther   met r ics  where you have an evening   weight ing   fac tor   bu i l t   in to  
the  format,  is  t h a t  when t h e   f i n a l  number comes out  of  your  computer, you l o s e  
s igh t   o f  what  your value judgment is i n  terms of how bad   n ight t ime  f l igh t  is  as 
opposed t o  dayt ime  f l ight .  Its value is predetermined so tha t   the   person  who 
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is using it a t  t h e   a i r p o r t   r e a l l y   s o r t  of l o s e s   s i g h t  of it. I would th ink  
t h a t  one p o s s i b i l i t y  would be a f a c t o r  which  segregates  out  of  the number t h e  
considerat ion  of   your   night t ime  weight ing  factor .  Some communities may l i k e  
t o  have a l o t  of c a r g o   a c t i v i t y  a t  n i g h t ,   o r  w a n t  t o  cater t o  reduced  fares  
for  t h e i r   c i t i z e n s  which would be   poss ib le  a t  n ight   because   the   a i r l ine   can  
operate cheaper. I would t h i n k   t h a t  would be a v a l i d   c o n s i d e r a t i o n ,   t o  have a 
desc r ip to r  which leaves  i n  a clear presentat ion  the  separate   e lements  so t h a t  
you do not  make t h e i r   v a l u e  judgments f o r  them. 

I would f i n a l l y   l i k e  t o  see  something  done  about  the anomaly t h a t  i s  
c rea ted  by the  energy summation  method. I must apologize   to  J i m  because  in  
pr iva te   conversa t ion   wi th  him it was sa id   t ha t   t he   ene rgy  summation w a s  no t  
going t o  be p a r t  of the   d i scuss ion .  B u t  t h e  more you g e t  a t  the  problem  of 
t h e  Ldn weight ing,   the  more you have t o  r ecogn ize   t he   bas i c   f a l l acy   w i th   t he  
energy summation  method. T h e r e f o r e ,   t h e   a i r l i n e s   r e i t e r a t e   t h e i r   o b j e c t i o n   t o  
Ldn  on t h i s   b a s i s .  

B i l l  Connors,   Airport   Operators  Council   International:  Most of you may 
know t h a t   t h e  AOCI r ep resen t s   a i rpo r t s   i n   t he   wor ld  emplaning more than 90 per- 
cen t  of t he   pas senge r s   t ha t   f l y .  I a m  t he  chairman  of  the  environmental com- 
mi t t ee  and as such would l i k e   t o  speak t o  you today on behalf of t h e   a i r p o r t  
operators.  Being an a i rpor t   opera tor   has  i t s  advantages, I t a l k e d   t o  J i m  
Densmore abou t   t h i s   t ime   l a s t  week and w e  discussed how w e  were ge t t ing   here .  
H e  sa id  he w a s  going t o   f l y  and I s a i d  I w a s  go ing   to   d r ive .  I d i d n ' t   r e a l i z e  
how  much good for tune  I had u n t i l   a f t e r   l u n c h ,  when I w a s  out  on t h e   f i e l d ,  
turned on the   rad io ,  and got  the  tower  frequency. Some p i l o t   d i d n ' t   i d e n t i f y  
himself ;   he   said,  "What time i s  i t ? "  The con t ro l l e r ,   qu ick  on h i s   f e e t ,   s a i d  
"Well, i f   y o u ' r e  TWA i t ' s  15:12:21:Z and i f   y o u ' r e  American i t ' s  1:12 p.m.  EST, 
and if you're  Delta i t ' s  oneish,  and i f   y o u ' r e  NAN-3 (FAA a i r c r a f t ) ,  i t s  
Tuesday, March 4 ,  1980. 'I 

There  are   other   advantages  to   being an a i rpo r t   ope ra to r .  I ' m  a user ;  I ' m  
addicted.  I ' m  following on t o   t h e   t h i n g s   t h a t  Mr. Marrazzo and M r .  Miller and 
M r .  C o l l i e r   s a i d  - someone h a s   t o   u s e   t h i s   m e t r i c .  Someone has t o  f i e l d   t h e  
quest ions of t h e   p u b l i c ,  and whether  the  federal  government  preempts the  
opera tor   in  some a r e a s   o r   n o t   ( w e ' l l   l e a v e   t h a t   t o  some lawyers   to   deba te) ,   the  
f a c t  is  tha t   a i rpo r t s   a r e   ope ra t ed  by town f o l k  who you can g e t  a hold  of.  
When i t ' s  noisy a t  n i g h t   o r  a t  a public  meeting  describing a new runway o r  a 
runway extens ion ,   o r   bu i ld ing  a new cargo  complex,  or  whatever  the  proposition 
might  be, you have to   expla in   the   impact  of n o i s e   t o  somebody. Community devel 
opment and f o r e c a s t i n g   a r e  what t h i s   m e t r i c  w i l l  be  used  for. It  w i l l  descr ibe  
something, some impact t h a t   h a s   t o  be  followed on with  determinat ion  of  what is  
compatible and w h a t ' s   i n   t h e  mandate t o   t h e  FAA. I t  occur s   t o  me t h a t   t h e r e  
w i l l  be a relevant  range  of  values,   for  whatever  metric  used, which w i l l  be 
used t o  implement these  community planning and land  use  compatible  decisions.  
I t ' s  l i k e l y  you won ' t   s ay   t ha t   a t  65 Ldn, i f   t h a t  is  what is  se l ec t ed ,  you 
should  no  longer  have  residential   uses,  and a t  67 Ldn you shouldn ' t   have  hotels  
and motels,  and so on. It won ' t   be   tha t   p rec ise ;  it w i l l  be a range. Conse- 
quent ly ,  any determination of  what the  nighttime  weighting i s  and i ts  inf luence  
on the  determination of the  cumulative  measure, or with  whatever  measure we end 
up, has t o   b e  viewed  from t h e   u s e r ' s  part of t h i s  whole business  of  measuring 
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the  impact  of  aircraft   operations  or  noise  impact by any mode of t r anspor t a t ion .  
I must agree  with  one of the   assessments   tha t   there  is probably a threshold a t  
n i g h t   t h a t  i s  encountered  in  determining  annoyance. I have a very good f r i end  
i n  San  Diego t h a t   e s p o u s e s   t o   t h e   f i r s t   b a r k i n g  dog theory.  H e  doesn ' t  w a n t  t o  
g e t  a l l  t h e  dogs tha t   bark  a t  n i g h t ,   j u s t   t h e   f i r s t  one t h a t  wakes him up. May- 
be we should  have a curfew  from 9:00 p.m. t o  11:30 p . m .  and l e t  everybody  go t o  
sleep and then   they   won ' t   be   d i s turbed   in   l igh t  sleep. Some of these   ideas  
ought t o  be  kicked  around,  but  always you have t o  remember t h a t  somebody who 
doesn ' t   have  the  educat ional /scient i f ic   background/basis   for  making the  deci-  
sions,   or  understands  the  nuances  of  the  metric,   as you gentlemen  might,  has t o  
explain it t o   t h e  community. Whether it is a consul tan t  or a member of some 
agency s t a f f ,   t h e  whole po in t   o f   t h i s  i s  t o  keep it simple; you c a n ' t   a f f o r d   t o  
overlook  that .  The p e r s o n   t h a t   c a l l s  on a n o i s e   h o t   l i n e  a t  some a i r p o r t  a t  
3:OO a .m.  because an a i rplane  f lew  out  and d i s t u r b e d   t h e   i n d i v i d u a l   r e a l l y  
w o n ' t   a p p r e c i a t e   t h e   s c i e n t i f i c   s e n s i t i v i t y  of some French  formulation of no ise  
measurement that  exponentially  increases  with  each  occurrence,   because  they 
were awakened a t  3:OO a.m. The use r ,   a s  Mr. Galloway pointed  out ,  is most 
l i ke ly   go ing   t o  be  the  equivalent of t h e   f i r s t   l i e u t e n a n t   a s s i g n e d   t o   t h e   b a s e  
as it was i n  1950 t o  work out  a compatibi l i ty   plan  around  the  a i rport   wi th  
another  local  agency. 

I would l i k e   t o   p o i n t   o u t  one las t  th ing  on behalf of the  operators .  The 
f a c t  of  keeping it simple  goes hand i n  hand with what has gone on i n   t h e  past. 
We, f o r   t h e   f i r s t   t i m e ,   a r e   e n j o y i n g   t h e   r e l a t i v e   t r a n q u i l i t y   t h a t  EPA, FAA, 
and HUD a r e   a l l   s a y i n g  i t ' s  not   too bad i f  you measure  noise  impact i n  Ldn. 
First, t h a t  i s  a f i r s t ,   t h a t   t h e   c o n s i s t e n c y  among agencies be maintained. 
While I think i t ' s  f i n e   t h a t  everyone is  here  working on this   night t ime  weight-  
ing   fac tor   a t   Langley ,  you have t o  keep it simple,  and you have t o   r e f l e c t  on 
the   f ac t   t ha t   ove r  2 0  years   the  10 dB addi t ion ,  by convention, if you w i l l ,  has 
been  acceptable.  People  understand it ,  might  not  agree  with i t ,  but  if it is  
hard to Prove, i t ' s  hard t o   r e f u t e .  With t h a t   n o t e  I think we should  get  on t o  
looking a t  how the  noise   metr ic   could be re f ined   for   the   purposes   tha t  it w i l l  
se rve ,   bu t   a l so   keeping   in  mind the  purposes it w i l l  be  used  for by o the r s .  
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ROUNDTABLE I1 - RESEARCH METHODS 

Cochairmen : H. G. Morgan m d  D. G. Stephens 
NASA Langley  Research Center  

Homer G. Morgan, NASA Langley  Research  Center:  This w i l l  be the  second 
roundtable - w e  plan to   run   fo r   abou t  1-1/2 hours,  a f t e r  which w e  w i l l  break 
fo r   co f fee  and reconfigure  the rooms f o r   t h e  workshop sessions.  A t  break t i m e  
w e   w i l l  d i s t r i b u t e  a l ist  of  at tendees and workshop  assignments. The panel 
members of the  second  roundtable are: David  Stephens, NASA Langley  Research 
Center  (Cochairman); Gene Galanter,  Columbia University;  C. Stanley H a r r i s ,  A i r  
Force  Aeromedical  Research  Laboratory;  Raelyn  Jannsen,  Environmental  Protection 
Agency; K a r l  Kryter,   Stanford  Research  Insti tute;  and John  Langdon,  Building 
Research  Establishment  (England). The p l a n   f o r   t h e  workshop i s  to   a l low  each 
p a n e l i s t   t o  make a s ta tement   or   remarks  about   the  direct ion  of   research,  
research  needs, and methods on the  topic  of  day/night  weighting. I sugges t   tha t  
questions and comments b e   r e s t r i c t e d   t o   p o i n t s  of c l a r i f i c a t i o n   d u r i n g   t h e  
statements.  Afterwards, w e  w i l l  open the   f l oo r   fo r   d i scuss ion  so  t h a t  anyone 
who wants a i r  t i m e  can  have it. We w i l l  t r y   t o  l i m i t  debate a t  t h i s   p o i n t .  We 
are look ing   fo r   d i f f e ren t   pe r spec t ives  and t r y i n g   t o   i d e n t i f y   t h e   i s s u e s .  We 
w i l l  g e t   t o   t h e   d e t a i l s   i n   t h e  workshop sess ion .  

A t  t h e   r i s k  of  overstructuring, David  Stephens and I are going to   i n t roduce  
a s t r u c t u r e   t o   k e e p   t h e  workshop on schedule. We are going t o  show  you an 
agenda t h a t  w e  w i l l  t r y   t o   f o l l o w .  I t  is a l s o  an o u t l i n e  of t h e   r e p o r t   t h a t  w e  
hope t o  make to   t he   g roup  as a whole  tomorrow  morning. We w i l l  be  showing it 
again and ta lk ing   about  it as w e  go on  through  the  day. W i  w i l l  have a s t r a w  
man t h a t   f o l l o w s   t h i s   o u t l i n e .  A t  the   r i sk   o f   appear ing   to  s e l l  a p a r t i c u l a r  
approach,  which i s  not   our   in ten t ,  w e  are  p u t t i n g  up t h e  straw man t o   f o c u s  
your   a t ten t ion   on   the   top ics  (see f i g .  1) . 

FUTURE  RESEARCH  WORKSHOP 
TOPICS  OF  DISCUSSION 

1. RESEARCH  OBJECTIVES 

2. RESEARCH  APPROACH - 
3. TIME OF DAY  RESPONSE  MODELS 

4. METHODS OF RESEARCH 

5. CRITERIA 

Figure 1 
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We want t o  smoke o u t   t h e   i d e a s  and t o  g e t   t h e   i n p u t s   t h a t   a r e   r e a l l y  
going t o  impact  and  improve the   r e sea rch  program. The ob jec t ive  is  t o   s u r f a c e  
t h e   i s s u e s .   I n   o r d e r   t o   g e t   u s   s t a r t e d ,  I am going t o  ask Dave Stephens t o  be 
t h e   f i r s t   p a n e l  member t o   t a k e   t h e   f l o o r .  He w i l l  u se   t h i s   oppor tun i ty   t o  
present   the  straw man. W e  w i l l  then  go down the   pane l  and give  each  one a 
chance t o  speak. Dave, w i l l  you l ead   o f f ?  

David G. Stephens, NASA Langley  Research  Center:  Referring  back  to 
f igu re  1, J i m  F i e lds  and I w i l l  t a k e   t h e   f i r s t   p a s s   t h r u   t h e   f i r s t   f o u r  items 
t o  s t imula te   d i scuss ion .  W e  c e r t a i n l y   d o n ' t  feel t h a t  w e  have  the  answers  to 
these  quest ions,   but  we have some ideas   t o   exp lo re   w i th  you. First ,  i f  we a r e  
going to   t a lk   abou t   fu tu re   r e sea rch  or t h e   d i r e c t i o n  of fu tu re   r e sea rch ,  we 
need a def in i t ion   o f   the   research   ob jec t ives ,   i t em one on the  l i s t .  I suspect  
t h a t   i f  we went  around the  room and  took a p o l l  on the   ob jec t ive   o f   fu tu re  
research ,  we would g e t  many d i f f e r e n t  answers.  For  example,  discussion  this 
morning centered  around  the  select ion  of  a proper   metr ic .  I think  the  problem 
from the   research   po in t  i s  much deeper   than  the  select ion of a metr ic .  From 
our   point   of   view,   the  object ive  (as  shown i n   f i g .  2 )  is  t o   q u a n t i f y  human 
re sponse   t o   a i r c ra f t   no i se  as a funct ion of t i m e  of d a y   o r   a t   d i f f e r e n t  times 
of  day. 

RESEARCH  OBJECTIVES 

0 QUANTIFY  HUMAN  RESPONSETO  AIRCRAFT  NOISE 
AS  A   FUNCTION OF T I M E  OF D A Y  

0 EVENT  RESPONSE 

OPERIOD  RESPONSE 

OOVERALL  RESPONSE 

OVERALL 
A 

7 3 

PER I OD , EVENT 

Figure 2 

The responses   that  we th ink  are important  are  responses t o  s ing le   events  
(o r   i nd iv idua l   a i r c ra f t   ove r f l i gh t s ) ,   r e sponses   t o   pe r iods  of noise  (or  groups 
of o v e r f l i g h t s ) ,   a s   w e l l  as the   response   to   the  24 hr  exposure. A s  shown i n  
f igu re  2 ,  we would l i k e   t o  go from the  physical   noise  exposure as a funct ion of 
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time to   t he   r e sponse   t o   t hese   even t s  a t  d i f f e ren t   pe r iods   o f  t i m e .  I f  you 
ag ree   t ha t   t he   ob jec t ive  of the  research i s  t o   p r o v i d e   t h e   a b i l i t y   t o   g o  from 
a phys icd l   descr ip t ion  of t h e   n o i s e   t o  a response as a funct ion of t i m e ,  w e  
must  have a dose   response   re la t ionship   for   the   d i f fe ren t   t ime  per iods   o f  
i n t e re s t .   F igu re  3 i l l u s t r a t e s   t h i s   p o i n t .  

EVENT  RESPONSE EXAMPLE 

\T2 TN 

E--- NOISE DOSE 

Figure 3 

If  one  has a recording of the  physical  noise  environment, and i f  dose 
r e sponse   r e l a t ionsh ips   fo r   pa r t i cu la r   t ime   pe r iods   o f   i n t e re s t   a r e   ava i l ab le ,  
the  physical  environment  can  be  transformed  into a subjective  environment. 
Obviously  the  research  has  to  be  directed  toward  determining  the  dose  response 
r e l a t ionsh ip  which i n   t u r n   r e q u i r e s  a good metr ic   for   descr ibing  the  noise   dose.  
Day-night pena l t i e s   o r   t ime   pena l t i e s  between  periods  are  represented by t h e  
differences  in   the  dose  response  curves   across  t i m e  pe r iods .   S imi l a r ly ,   i f  
period  responses are of i n t e r e s t ,   t h a t  is ,  i f  we have n o i s e   d i s t r i b u t i o n s  a t  
d i f f e r e n t  t i m e  pe r iods   ( s ee   f i g .  4 ) ,  and would l i k e   t o  go from the   phys ica l  
d e s c r i p t i o n   t o  some subjective  response  as a function  of  t ime, a mult iple   event  
dose  response  re la t ionship  for   each  of   the t i m e  per iods w i l l  be  required.  Thus, 
if the   ob jec t ive  i s  t o  go  from the   phys i ca l   desc r ip t ion   t o   t he   sub jec t ive  
descr ipt ion  then  the  Research Approach ( f i g .  5) must be  directed  toward  obtain- 
ing  the  necessary  dose  response  relationships as a funct ion of  time.  In  addi- 
t i o n   t o  knowing how people  respond t o   p e r i o d s  of n o i s e   a t   d i f f e r e n t  times of 
day, it would b e   d e s i r a b l e   t o  know the  re la t ive  importance of the   per iods ,   o r  
how the   pe r iods  "add up" , as discussed by J i m  F i e lds .  
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PERIOD  RESPONSE EXAMPLE 

RESPONSE 

Figure 4 

RESEARCH  APPROACH 

0 DETERMINE  DOSE-RESPONSE  RELATIONSHIP 
FOR SEVERAL  TIME  PERIODS 

0 EVENT RESPONSE 

0 PERIOD  RESPONSE 

OVERALL  RESPONSE 

PER I OD 1 PERIOD 2 

Figure 5 
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In  summary, I th ink  from the   s tandpoin t  of r e sea rch   ob jec t ives  w e  should 
focus on noise  dose-response  relationships  not  only for 24 hour t i m e  periods, 
bu t   a l so   fo r   s ing le   even t s ,  a t  d i f f e ren t   t ime   pe r iods ,  as w e l l  as response t o  
per iods of noise.  Hopefully, w e  can determine  the  re la t ionship between the  
period  response and the  overal l   response.  J i m  F i e lds  w i l l  nex t   d i scuss  
research models and  methods t o  achieve   the   research   ob jec t ives   tha t  I have 
discussed. 

James M. F i e lds ,  NASA Langley  Research  Center: W e  s a w  t h i s  morning t h a t  
one  of  the  biggest   problems  faced  in  assessing  t ime-of-day  effects is  in   design-  
ing  survey samples so tha t   t he   n igh t t ime  and  daytime  noise  levels are not   too  
h ighly   cor re la ted .   In  an attempt  to  encourage  discussion on t h i s  problem I 
suggest   s ix   a l ternat ive  research  approaches:  

1. Laboratory  s tudy  project ion t o  other  times  of  day 

2. J u r y   r a t i n g s   a t  home 

3 .  Regular  reporting  (Button  Pushing) 

4.  Immediate r e c a l l  (Telephone  Follow-up) 

5 .  Unique Operating Change Survey 

6. Conventional  Multi-environment  Survey 

The laboratory  approach is  l imi t ed   t o   expos ing   sub jec t s   t o   no i se  a t  one 
time  of  day and then  asking  subjects  t o  t r y   t o   p r o j e c t  how they would f e e l   a t  
another  time of day.  People  can  be  easily  exposed t o  a l a rge  number of differ-  
ent   noise   level   environments   with  this  method. 

The second  approach is labe led   " jury   ra t ing  a t  home". Tom Dempsey of NASA 
Langley  plans a s t u d y   o f   t h i s   t y p e   i n   a i r p o r t  communities i n   t h e   f u t u r e .   I n  
t h i s   c a s e   s u b j e c t s   a r e   i n   t h e i r  homes with  the  experimenter.  As a i r c r a f t  go 
over ,   the   subjec t  i s  asked t o   r a t e   t h e   a i r c r a f t .   T h i s   c a n  be  done dur ing   the  
day  and the  evening,  al though it does  not seem t o  be very  reasonable   for   the 
n ight .   Both   the   l abora tory   p ro jec t ion  and j u r y   r a t i n g  methods  produce in fo r -  
mation  which i s  of   quest ionable   usefulness   for   es t imat ing  t ime-of-day  effects  
under real s i t u a t i o n s  when people are l i k e l y   t o  be concentrat ing  on  other  
a c t i v i t i e s .  

Several   regular   report ing  or   "but ton  pushing"  s tudies  have  been c a r r i e d  
out  by BBN. I n   t hese   s tud ie s  an experimenter is  not   p resent   bu t   the   person   has  
some  way of recording  react ions t o  f l i g h t s  which are not iced a t  home.  The 
p o t e n t i a l  of t h i s  approach  has  not  been  fully  explored.  Ideally,  a person 
would have a h ighly   por tab le   device   wi th  an e l e c t r o n i c  annoyance s c a l e  on it so 
t h a t  when an annoying a i r c r a f t  w a s  noticed,  the  subject  could  immediately  push 
a button t o  ind ica te   the   degree  of  annoyance.  This would be  automatically 
associated  with a t ime  s ignal  so t h a t   l a t e r   t h e  human response  could  be  linked 
up with  the  actual   noise   exposure from t h e   a i r c r a f t .  An important  character-  
i s t ic  of the  approach i s  tha t   the   person  knows beforehand  that  he is  t o   r e p o r t  
how he feels about  the aircraft  t h a t  go over. ?my one  individual  could  partic- 
ipate f o r   s e v e r a l  weeks  and thus  rate many a i r c r a f t .  The unique  aspect is  t h a t  
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the   ra t ings  could  be  l inked up with  each  f l ight  through  the  button  pushing 
device.  Of course,  summary pe r iod   r a t ings   fo r   days   o r  parts of  days  could  also 
be  obtained and l i nked   t o   t he   su rvey   no i se   l eve l s   fo r   t hose   pe r iods .  

The fou r th  method, t h e  immediate reca l l ,   t e lephone   fo l low up  method has 
no t  been  used  before  even  though it draws on researchers '   exper iences   wi th  a 
number of  telephone  follow-up  surveys.  People  are  again  asked  about  the imme- 
diately  preceeding  noise  environment.   In  this  case  though  they  do  not know 
beforehand  that   they w i l l  be  asked t o   e v a l u a t e   f l i g h t s .  They are  telephoned 
a f t e r   t h e   r e s e a r c h e r  knows j u s t  what the  noise  environment  has  been.  People 
a r e  asked  about  the las t  hour ,   the   p rev ious   evening ,   l as t   n ight ,   o r  any o the r  
period of i n t e r e s t .  With th i s   des ign ,   va r i a t ion   i n   t he   no i se   exposure  is  b u i l t  
i n  by taking  advantage  of   natural   var ia t ions  in   noise   levels   over   short   t ime 
periods.  The person is  not  alerted  about  the  t ime when t h e   r a t i n g  w i l l  occur. 
Since it i s  a longi tudinal   survey,   the   respondent  would have  been  telephoned 
several   t imes a t  widely  spaced  intervals .  

The LAX night-t ime  operation change study is  an example  of the  unique 
operat ion change  survey  method. Here the re  i s  a change in   the  noise   environ-  
ment a t  one  time  of  day,  but  not a t   o t h e r   t i m e s .  The obvious   a t t rac t ion  of 
this   technique is t h a t  it is d i r ec t ly   r e l a t ed   t o   no i se   po l i cy .   The re  is  a 
change in  the  noise  environment combined with a measurement  of human reac t ions  
t o   t h a t  change. 'The d i f f i c u l t y  i s  i n   t h e   l i m i t e d  number of   s tudy  opportuni t ies  
of t h i s   t ype .  

The conventional  multi-environment  survey  attempts  to  include a range of 
d i f f e r e n t  time-of-day  noise  environments by including many d i f f e r e n t   l o c a t i o n s .  
This  can be  done  by inc lud ing   s eve ra l   a i rpo r t s  or sometimes severa l   loca t ions  
unde r   d i f f e ren t   f l i gh t   pa ths .  It h a s   b e e n   d i f f i c u l t   i n   t h e   p a s t ,  however, t o  
g e t  enough variation  in  day-night  noise  environments  with  only a few a i r p o r t s .  

I n   t h i s   p r e s e n t a t i o n ,  I have  suggested  only  six  research  approaches.  I 
hope the re  w i l l  be o the r s  which we w i l l  d i s cuss  and eva lua te   i n   t he  workshop 
session.  

Raelyn  Jannsen,  Environmental  Protection Agency: I would l i k e   t o   s t a r t  by 
r e i t e r a t i n g  something M r .  Marrazzo s a i d   t h i s  morning  about EPA's  r o l e .  EPA's 
noise  program o p e r a t e s   u n d e r   l e g i s l a t i o n   t h a t   s t a t e s  a Congressional  goal  of 
pro tec t ing   the   publ ic   hea l th  and welfare  from noise   impact .   In   fol lowing  this  
mission, w e  cons ider   research   no t   on ly   in   the   sphere  of subjec t ive   response   to  
noise ,  which is very   impor tan t ,   bu t   a l so   research  on physiological,   biochemical 
and other   aspects  of the   response   to   no ise .  We do  use  subject ive  response  data  
i n  a concrete way in  analyzing and quant i fy ing   benef i t s   o f   our   regula t ions ,  and 
we a l so  employ o ther   dose- response   re la t ionships   to   quant i fy   these   benef i t s .  

I have  been  asked t o  speak   spec i f ica l ly   about   s leep   research   th i s   a f te r -  
noon. In   t he   s l eep   d i s tu rbance   a r ea ,  w e  u se  a couple  of  dose-response c r i t e r i a  
which are based on objective  measures of s leep   d i s turbance .  The f i r s t   f i g u r e  
shows the   p robab i l i t y  of a no i se   i nduced   sh i f t   i n   s l eep   s t a t e  - i n   o the r  words 
from a deeper   to  a l i g h t e r   s t a g e  - f o r  a single  event  exposure  of a given  level .  
The second c r i t e r i o n  is  the   p robabi l i ty   o f  awakening a t  a given  noise  exposure 
l e v e l  shown in  the  second  f igure.  
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Both  of t hese  have  been  'developed f o r   u s  by Jerry  Lukasl ,   based on a f a i r l y  
broad  range  of  studies - a l l  of   those   tha t  were i n   t h e   l i t e r a t u r e   t h a t  can be 
d i r e c t l y  compared t o  each  other  (using  the same method of sco r ing   s l eep  and 
so f o r t h ) .   P r e s e n t l y ,  we would l i k e   t o   s e e  some more progress  on sleep d i s -  
tu rbance   in  a couple  of d i f f e r e n t   d i r e c t i o n s .  One is  t h a t  w e  would l i k e   t o   s e e  
some refinement of these  cri teria f o r  what w e  consider  special populations.  
These c r i t e r i a  are largely  based on s t u d i e s  of young adul ts ,   a l though  not  
exc lus ive ly ,  and it is  we l l  known t h a t   t h e   e l d e r l y   a r e  more s u s c e p t i b l e   t o  
s l eep   d i s rup t ion .  W e  a l s o  would l i k e   t o  broaden   the   appl icabi l i ty  of the  
c r i t e r i a   t o  groups  such  as  the ill, s h i f t  workers and o the r   po ten t i a l ly   s ens i -  
tive  groups.  Secondly, w e  have  another  concern  with  quantifying what w e  c a l l  
the  health  consequences  of  sleep  disturbance. O f  course w e  a r e  concerned 
mainly  about  chronic  sleep  disturbance by noise  and  what t h e   e f f e c t s  may be 
beyond the  short   term measures of  awakening o r   s h i f t i n g   s l e e p   s t a g e .  How does 
chronic   s leep   d i s turbance   a f fec t   hea l th   parameters   l ike   res i s tance   to   d i sease ,  
f o r  example? How does  chronic   s leep  dis turbance  affect   performance - on the  
job and o t h e r w i s e ,   d r i v i n g   i n   t r a f f i c ,   e t c ?  These a re   the   research   ques t ions  
of most concern t o  EPA. Because I am the  only  one  speaking  specifically  about 
s l eep   r e sea rch   a t   t h i s   mee t ing ,  I would l i k e   t o  summarize t h e   s t a t u s  of s l e e p  
research  in  the  Federal   government,   generally,  which I th ink  can  be character-  
i zed   overa l l   as   be ing   decent ra l ized  and without a unitary  focus.   There is no 
s i n g l e  agency i n  the  Federal  government  which  has r e s p o n s i b i l i t y   f o r   s l e e p  
research ,   research  on s leep   d i s turbance ,   o r   research  on the  meaning of s l e e p  
d i s rup t ion .  A t  t he   Na t iona l   In s t i t u t e s  of  Health  there is  no s p e c i f i c   i n s t i -  
t u t e   t h a t   s l e e p   r e s e a r c h e r s  can  approach  with a proposal and be   sure   tha t   there  
w i l l  be some funding   in   the   s leep   a rea .  The  same is t r u e  a t   t h e   N a t i o n a l  
I n s t i t u t e  of Mental  Health, and t h i s  i s  a problem t h a t  i s  be ing   d i scussed   r igh t  
now within  the  Department  of  Health,  Education and Welfare.  There is a new 
program  with HEW t h a t  is  not  a research  program, a t  l e a s t   n o t   a t   t h e   o u t s e t ,  
which is  ca l l ed   P ro jec t  SLEEP. The impetus f o r   t h i s   p r o j e c t  was a study by the  
I n s t i t u t e  of  Medicine (of t he  NAS-NRC) on s l e e p i n g   p i l l   u s e  and abuse i n   t h e  
United  States.  A s  you may imagine,   there   are   several   areas  of  mutual  concern 
between the  EPA and H E W  on s l eep ing   p i l l   u se .  For  example, a study  conducted 
in   t he   Ne the r l ands2   i nd ica t e s   t ha t  an a i r p o r t  community showed greater   drug 
consumption in   bo th   t he   s eda t ives  and hypnotics  categories  than a matched non- 
a i r p o r t  community; so the re   a r e   a r eas  of  mutual  concern and we are   coordinat ing 
with HEW on P ro jec t  SLEEP.  NIOSH, a l s o   i n  HEW, i s  doing a l i t t l e   b i t  of s l eep  
research work on s h i f t  workers and t h i s  is  a l s o  aimed a t  more o r   l e s s   t h e  mean- 
ing  of   the  dis turbance  of   s leep on a chronic   basis .   There,   to  my knowledge, 
they  have  been  using  exclusively  subjective  measures. A t  Walter Reed, the  A r m y  
i s  doing some r e s e a r c h   i n   t h e   s l e e p   a r e a ,   p a r t i c u l a r l y   w i t h   r e g a r d   t o   p e r f o r m -  
ance, and they  are  using a w r i s t  ac t igraph which records  bodily movement, a 
f a i r l y  good measure  of s leep   d i s turbance .  The Navy sponsors a fair-s ized  out-  

lLukas, J. s. : Measures of Noise  Level:  Their  Relative  Accuracy  in Pre- 
d ic t ing   Objec t ive  and Subjective  Responses  to  Noise  During  Sleep. 
EPA-600/1-77-010, 1977. 

2Knipschild, P. ; and  Oudshoorn, N. : Medical E f fec t s   o f   A i rc ra f t  Noise: 
Drug Survey.  Int. Arch. Occup. & Environ.  Health,  vol. 40,  1977,  pp.  197-200. 
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of-house  research  program  on sleep and related  biochemical and o the r   f ac to r s .  
That ' s  more or less the   s ta tus   o f   the   Federa l  government sleep research  a t  t h i s  
po in t .  I would a l s o   l i k e  t o  add  one  other  point - we are looking  forward t o  
f i n a l   r e s u l t s  of a series of s t u d i e s   t h a t  are being  sponsored by the  Commission 
of  European  Communities. They are sponsoring  four teams of   s leep   researchers  
i n  4 countr ies :   the   Nether lands,  Germany, France,  and  the UK. We're hoping 
t h a t   t h e i r   f i n a l   r e s u l t s  w i l l  g ive us a good boost so t h a t  w e  can  build  on  the 
foundation  they have l a i d .  

C. Stanley . Harris, A i r  Force  Aeromedical  Research  Laboratory: I would l i k e  
t o  b r i e f ly   desc r ibe  a study w e  have  planned to   i nves t iga t e   t he   n igh t t ime   pena l ty  - - 
for   no ise .  The basic  idea  of  our  proposed  survey i s  simple. W e  would l i k e   t o  
conduct a survey a t  two f a i r l y   n o i s y  A i r  Force (AF) bases;  one with few night-  
t ime  operations and the  other   with a l a rge  number of night t ime  operat ions.  
There  should  be  sufficient  population  densit ies  surrounding  these  bases so we 
can  get  an  adequate  sample  size,  and of course,   the  populations  should be s i m i -  
l a r   i n  socioeconomic charac te r i s t ics .   Af te r   ana lyz ing   the   survey   resu l t s  w e  
would l i k e   t o  be able  to  say  whether  there  should be a n ight t ime  pena l ty   for  
noise  and i f  so, what s ize   the  penal ty   should be. This  sounds  simple  enough; 
however, it is  not so s imple .   In   fac t ,  it may be t h a t  we cannot  f ind AF bases 
t h a t  w i l l  g ive  the  night t ime  penal ty  a very   severe   t es t .  We might be a b l e   t o  
determine  that  a pena l ty  is  needed,  but  not  be  able  to  determine  exactly what 
size  the  penalty  should  be.  The problem i s  n o t   t h a t  AF bases   are   not   loud 
enough, the  AF has   plenty of noisy  bases. The problem i s  t h a t   t h e r e   a r e   n o t  
t h a t  many AF bases   tha t  have a high  percentage of night t ime  operat ions,  and 
the  percentage  of  nighttime  operations  determine  the  size of t he   ac tua l   pena l ty .  
For  purposes  of  our  survey w e  would l i k e   t o   f i n d  a n  AF base  that   has  approxi- 
mately 50 percent   night t ime  operat ions.   This  i s  probably  not  possible.  A few 
bases  reach 2 0  to 25 percent  nighttime  operations,   but AF wide,  the  average  per- 
centage of n igh t t ime   f l i gh t s  is  probably  about 1 0  percent .  The average i s  a l s o  
1 0  pe rcen t   fo r   S t r a t eg ic  A i r  Command  (SAC) bases,  which genera l ly   a re   our   no is i -  
e s t   bases .   Th i s   r e l a t ive ly  low average came about  because many prohib i t ions  have 
been i ssued   aga ins t   n ight t ime  f ly ing  by l o c a l  AF bases  and by AF Command l eve l s .  
In  many ins t ances ,   t hese   p roh ib i t i ons  were  meant to   reduce   the   n ight t ime  no ise  
l eve l s .  A s  one  example,  McClellan AF Base,  since  1967,  has  tried  to  keep  night- 
t i m e  f l y i n g  a t  l e s s   t h a n  5 percent  because  of community noise  problems. Many 
AF personnel   be l ieve   tha t   the  low percentage  of   night t ime  f l ights   has  been  one 
of  the  major  reasons  that   the AF has  not had more noise  complaints from communi- 
t i es   sur rounding  AF bases.   Therefore,   they  are  strongly opposed to   e l imina t ing  
or   lowering  the  night t ime  penal ty   for   noise   without   s t rong  evidence  that   th is  
w i l l  not  bring  about  increased  complaints from t h e  community. 

L e t ' s  examine  what would happen i f  we reduced  or  el iminated  the  present 
10 dB penal ty   for   night t ime  exposure  to   noise .   For   example,  l e t ' s  look a t  one 
of the  worst   cases.  If 20 pe rcen t   o f   t he   f l i gh t s  are a t  n i g h t ,  we f ind  an 
ac tua l   pena l ty  of  4.47 f o r  an  imposed penal ty  of 10 dB, 3.62 f o r  an  imposed 
penal ty  of 7.5 dB, and 2.55 f o r  5 dB.  The d i f f e r e n c e   i n   a c t u a l   p e n a l t i e s   f o r  
imposed penal t ies   o f  10  and 5 dB is  only  1.9 dB. This   difference  does  not  seem 
l a rge ,  and one may wonder i f   t h e   s i z e  of t he  imposed penal ty  is  impor tan t   for  
ex is t ing   condi t ions .  One  way of   addressing  this   quest ion is  t o   c a l c u l a t e  Ldn 
l e v e l s   f o r   t h e   t h r e e   d i f f e r e n t  imposed penal t ies   based on 24 hour L l e v e l s  

eq 

49 



from 51 t o  81, and then   use   Schul tz ' s   curve   for   re la t ing  Ldn t o  the   percent  
highly annoyed (percent  HA) and then compare t h e   d i f f e r e n c e   i n   p e r c e n t  HA a t  
each  level .  The g rea t e s t   d i f f e rence   occu r s  a t  t h e   h i g h e s t  24  hour Leq level 
t h a t  w e  choose. The d i f f e r e n c e   i n   p e r c e n t  HA f o r   t h e  10  dB penal ty  and t h e  
7.5  dB penal ty  i s  only  3.94  percent. The d i f f e r e n c e  between  10  and 5 is  only 
8 .12  percent .   These  differences are not  impressive and are jus t   about   wi th in  
the   s tandard   e r ror  of measurement. 

Now l e t ' s  examine  what  happens t o  t h e   s i z e  of an area t h a t  an AF base must 
consider as impacted by noise  when the   s i ze   o f   t he   n igh t t ime   pena l ty  is  reduced. 
The f inding is: small changes i n   t h e   s i z e  o f   t h e   p e n a l t y   r e s u l t   i n   l a r g e  
changes i n   t h e   s i z e   o f   t h e  impacted area. Spec i f ica l ly ,   cons ider  10  percent  
n i g h t t i m e   f l i g h t s ,   s i n c e   t h i s  i s  the  average  percentage  of AF nighttime  oper- 
a t i o n s ,  and ca l cu la t e   t he   r educ t ion   i n   t he   s i ze   o f   t he  Ldn>65 dB contour area. 
With 10  percent   n ight t ime  f l igh ts ,   the   ac tua l   pena l t ies  and d i f f e r e n c e s  between 
a c t u a l   p e n a l t i e s  are as follows: 

Imposed Penalty  Actual  Penalty  Difference 

10 dB 2.79 dB 

7.5 dB 2.17 dB -62 dB 

5 dB 1 . 4 6  d B  1.33 dB 

These differences  wouldn ' t   mat ter  much i n  terms of d i f f e rences   i n   p red ic t ed  
percent  HA values;  however,  they are very  important   for   der iving  contour   s izes .  
Now l e t ' s  consider   the  changes  in  Ldn>65 dB contour   areas  as a function  of  the 
d i f f e rences   i n   t he   s i ze   o f   t he   ac tua l   pena l ty .   Fo r  SAC bases ,   s ince   these  are 
the  loudest ,   the   percent   changes  in   contour  area as a funct ion  of   actual   penal ty  
d i f f e rences  are as follows: 

Actual  Penalty  Difference Ldn>65 dB 

-62 dB (between 10 & 7.5)  Reduction  of  9.4  percent 

1.33 dB (between 10 & 5)  Reduction  of  19.11  percent 

2.79 dB (10 and N o  Penalty)  Reduction  of  35.91  percent 

We have  not  taken  the  next  step and obta ined   popula t ion   dens i t ies  and cal- 
cu la ted   the   decrease   in   the  number of people who would  be  considered  impacted 
by n o i s e ,   b u t   i n  some cases the  reduct ions would  be  tremendous. One might 
th ink   tha t   these   l a rge   reduct ions   in   contour  areas would make the  AF happy. 
This i s  n o t   t r u e   f o r  two primary  reasons. 

(1) The v e r y   g r e a t   p r o b a b i l i t y   t h a t  a reduct ion   in   the  s i z e  of   the  night-  
time penal ty   for   no ise  would r e s u l t   i n  a larger   percentage of AF nighttime 
operat ions,  and tha t   th i s   increase   in   percentage   o f   n ight t ime  opera t ions  would 
produce more complaints  from  the community.  The AF would l ike  very  convincing 
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ev idence   t ha t   t h i s  i s  not  so, because w e  have  noise  problems a t  many AF bases  
now. 

( 2 )  A reduct ion  of   the  night t ime  penal ty   for   noise  would reduce   the   s ize  
of   the Ldn>65 dB contour  area and could  e l iminate   "buffer  areas" surrounding 
many AF bases by encouraging  development and increased  encroachment. 

Eugene -. ""-*_- Galanter ,  Columbia University:  W e  are cu r ren t ly  engaged i n   d a t a  
c o l l e c t i o n   i n  communities i n   t h e  N e w  York metropolitan  area.  Our primary  goal 
is twofold - one is  t o  converge a v a r i e t y  of psychological methods  on the  
response  concept  of  annoyance;  our  second  goal i s  t o  see  whether   these  var ious 
methods show time-of-day e f f e c t s .  W e  a r e   do ing   t h i s  by s e l e c t i n g  communities 
t ha t   pe rmi t  a comparison  between re la t ive ly   h igh   n ight t ime  opera t ions  and o the r  
communities  where t h e r e  are r e l a t i v e l y  minimal n ight t ime  opera t ions ,   bu t  where 
the   ove ra l l   no i se   l oads   i n   bo th  communities  index  equivalently. 

The first f a c t   t h a t  emerges from our work i s  tha t   the   phys ica l   charac te r -  
i z a t i o n  of   the  acoust ic   events  is  very   sof t .  I do not   see  any immediate r e l i e f  
from t h a t  problem a t  t h e   t h e o r e t i c a l   o r   p r a c t i c a l   l e v e l .  I t  is ex t remely   d i f f i -  
cu l t   t o   cha rac t e r i ze   t he   no i se   l oad   t ha t   t he  community bea r s ,   e spec ia l ly   i f   one  
wants t o  inc lude   i n t e r io r   no i se   i n   peop le ' s  homes, s t r u c t u r a l   d i f f e r e n c e s   i n  
multi-family  construction, and d i f fe rences   a t   var ious   t imes  of in-home loca t ions  
of the  people  themselves. One is  forced   in to  a s t a t i s t i c a l   r e p r e s e n t a t i o n  of 
community noise   load.   But   the  s ta t is t ics   are   not   s ta t ionary,   e i ther   because of 
ope ra t iona l   changes   t o   sh i f t   spec i f i c  community burdens,  or  seasonal  changes 
assoc ia ted   wi th   s t ruc ture   var ia t ions .  The r e s u l t  is  t h a t   a c o u s t i c   s t a t i s t i c a l  
s ta t ionari ty   does  not   exis t .   Consequent ly ,  w e  a r e  working  with a dynamic 
system,  even  though we a t t empt   t o   cha rac t e r i ze   t ha t  system as  having  well  
defined,  temporally  invariant,  physical  parameters.  These  remarks  are  offered 
t o  argue  for a representa t ion  of a i r c r a f t   f l y o v e r   n o i s e   t h a t  is  indexed t o   t h e  
acoust ics   of  a s ingle   f lyover   event .  From such a measure fo r   s ing le   even t s  we 
may then  develop a model t h a t  combines these  measures  into an index   t ha t   va l id ly  
represents   ( in   the   sense  of predicting  individual  annoyance) any a r b i t r a r y  mix 
of   over f l igh ts .  

We of ten  assume t h a t   t h e  human response  measure  of  annoyance is c l e a r l y  
defined and t h a t   o u r   r e a l  problem is t o   f i n d  a representa t ion  of t he   acous t i c  
parameters  that  w i l l  p r e d i c t   t h i s  "annoyance  response."  But  the  second  fact is  
t h a t   t h i s   w e l l  known annoyance  response is  not   on ly   sof te r   than   the   acous t ic  
parameters, it is  not  even  well enough formulated t o   l e t  u s  s e l e c t  a s e t   o f  
models t o  e s t i m a t e   i n t r i n s i c  human annoyance reac t ions .  The consequence i s  
t h a t  we have to   es t imate   var ious   acous t ic   parameters  on one s i d e ,  and var ious 
response  parameters on the  other ,   wi th   no  coherent  model of e i t h e r ,  or of t h e  
t r ans fe r   func t ion .  W e  a r e   t r y i n g   t o   f o r m u l a t e  a t r ans fe r   func t ion   fo r  which 
both   sca les ,   the   o rd ina te  and the   absc issa ,  are not   fu l ly   charac te r ized .  

I wanted t o   g e t   t h e s e   c r i t i c a l  remarks on the   r eco rd   i n   o rde r   t o   a s su re  you 
t h a t  w e  r ecogn ize   fu l ly   t he   l imi t a t ions  of  our own d a t a ,   b u t   a r e   w i l l i n g  t o  pre- 
s e n t  them a s  a pathmark for  extending  our  understanding. So the  las t  f a c t  is  
t h a t   a f t e r  one has made a l l  the  concessions  to  the  inadequacy of the   t echniques ,  
our   recent   resu l t s   sugges t   tha t   n ight t ime  hours  annoy peaple more wi th   respec t  
t o   a i r c r a f t   i n  communities i n  which there   a re   day  and n i g h t   o v e r f l i g h t s .   I n  
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communities i n  which t h e r e  are few n i g h t   f l i g h t s ,   t h e   l e v e l  of  annoyance during 
night   hours  may be   d i spropor t iona te ly   l ess ,   bu t   the  annoyance  of  daytime  over- 
f l i g h t s  i s  about  the same. Furthermore, it appears clear i n   t h e   d a t a   t h a t  
evening (i.e. , "prime t i m e " )  annoyance ( 8 : O O  PM t o  1 1 : O O  PM) is  g r e a t e r  per 
operat ion  than late n igh t  or morning a c t i v i t i e s .  These r e s u l t s   l e a d  t o  an 
urgent  need  for an appropr ia te  annoyance  response  model. 

I would l i k e  now t o  propose  that   in  terms of simple  equity a comprehensive 
community annoyance  model  cannot merely accept a summation of ind iv idua l  
response  annoyance  based on r e p l i e s   t o  a ques t ionnar ie ,  no matter  how s u b t l e ,  
complicated,  or  advanced.  That is t o   s a y ,   t h e   i n t e r p r e t a t i o n  of t he  annoyance 
response  data w i l l  depend on how the  model is formulated t o   p a r t i t i o n   t h e   i n d i -  
vidual  annoyance  magnitude  of  the  reported  judgments  into i t s  appropriate  com- 
ponents. The f i r s t  such component of t o t a l  annoyance  must  be the   acous t ic  
impact  of t he   ove r f l i gh t s .  The remaining  annoyance may then be a t t r i b u t e d   t o  
"background  annoyance." We a l l  recognize   tha t  when people   repor t   the i r  annoy- 
ance  they  are   s imultaneously  advancing  a t   least  two i n t e r e s t s :   t h e   i n q u i r e r ' s  
interest   in   learning  something  about   the  noise   the  people   experience,  and t h e i r  
own per sona l   i n t e re s t s   i n   exp res s ing  comments they hope w i l l  r e s u l t   i n  an 
improvement  of the i r   pos i t ion .   This   per fec t ly   reasonable   degree   o f   se l f -  
i n t e r e s t  which  adds i n  some way t o   t h e   t o t a l  annoyance,  cannot be predicted 
from an analysis  of  the  acoustic  events.   Consequently,  it i s  important   that  w e  
f i n d  ways t o   c h a r a c t e r i z e   t h e  human annoyance  response  data so they  can  be  par- 
t i t i o n e d   i n t o   t h e  component t ha t   t ru ly   r ep resen t s   t he   acous t i c   impac t ,   a s   we l l  
as those components t h a t   a r e   a t t r i b u t a b l e   t o   t h e   v a r i e t y   o f   o t h e r   p e r s o n a l  
f a c t o r s   t h a t  may inc lude   the   loca l   rea l   es ta te   t axes ,   whether   the   respondent  
s l ep t   we l l   t he   n igh t   be fo re   t hey  answered the   ques t ion ,  and so fo r th .  

W e  do not  have any guaranteed method f o r   e l i c i t i n g   t h e   r e s p o n s e   d a t a   t h a t  
we can  use  to  make t h i s   a n a l y s i s ,  so the  method of  convergence  of  multiple 
responses seems a good and reasonable  procedure  to  begin  with.   This  posit ion 
accepts   the   no t ion   tha t   ca tegor ica l  judgments a re   va l id ,   t ha t   r e l a t ive   f r equency  
judgments a re   va l id ,   t ha t   compla in t   da t a   a r e   va l id ,   bu t   t ha t   a l l  of these  
val idi t ies   are   only  par t ia l .   Their   convergences  based on some p laus ib l e  model 
w i l l  l e a d   u s   t o   b e l i e v e   t h a t  w e  have  estimators of a i r c r a f t   o v e r f l i g h t  annoyance 
induced by acoustic  impact,  time  of  day, and o the r  similar var iab les .   Thei r  
remainders may give u s  i n s i g h t   i n t o  background  annoyance e f f e c t s .  

K a r l  Kryter ,   Stanford  Research  Inst i tute:   In   the  context  of t h i s  workshop 
I f i n d  myself  of two minds. I can  take  the  posi t ion  that   there   should  be no 
fu r the r   r e sea rch  on the   sub jec t  - t h a t  w e  have a l l   t h a t  is  needed. A t  t he  same 
time I can  argue that   there   obviously  needs  to   be a g r e a t   d e a l  more research.  
I would l i k e   t o  mention a few th ings  on each  s ide of these  two pos i t i ons .  A l o t  
of the  research  could  be  done  not  to  prove  or  discover  anything new, b u t   t o  make 
more convincing what is  already known. I t  is c l e a r  however, t h a t  such  addi- 
t i o n a l   r e s e a r c h  is  obviously  going t o  cos t  a l o t  of money and take a l o t  of 
years.  We are always  going t o  be  faced  with  the knowledge t h a t  w e  now have, so 
one  should  not  expect any grand   reve la t ions   tha t  w i l l  t u rn   t he  world  around  and 
show t h a t  much of   the  previous  research  f indings were wrong. 
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Another  consideration is (Galanter made t h i s   p o i n t   v e r y   c l e a r l y )   t h a t  w e  
w i l l  l i k e l y  have t h e  same amount of v a r i a b i l i t y   i n   t h e   f i n d i n g s  tomorrow t.hat 
w e  had yesterday and today.  For  one  thing, w e  r e a l l y  do no t   desc r ibe   t he   no i se  
va r i ab le  i n  terms of  what people are hea r ing   i n  real l i f e .  I would  wager t h a t  
much of t h e   v a r i a b i l i t y   i n   a t t i t u d e   s u r v e y   d a t a  is  due t o  the   l ack  of  knowledge 
of  what  people are h e a r i n g   i n   t h e i r  ears, as it is  t o  t h e i r   p e r s o n a l i t y ,   o r  
whether  they  have a p a r t i c u l a r   b i a s   o r  not .  

I would also l i k e   t o   p o i n t  ou t  t h a t  some of t h e   i n d i v i d u a l   v a r i a b i l i t y  
formed in   a t t i t ude   su rveys  i s  a t t r i b u t a b l e   t o  a temporal  factor.  The problem 
is  tha t   t he   no i se   p r imar i ly   bo the r s  people only when they are t a l k i n g   o r  
s leeping .   S ince   d i f fe ren t   people   have   d i f fe ren t   l i fe   s ty les  and  do th ings  a t  
somewhat d i f f e r e n t   t i m e s ,  it w i l l  be d i f f i c u l t   t o   p r o v e ,  I th ink ,   w i th   g rea t e r  
accuracy  than is  now the  case,  what the  nighttime  penalty  should  be.  A t  t h e  
same time, I would  be remiss i f  I d i d n ' t   i n d i c a t e  we needed more research.  
There are, of course,  two areas  of r e sea rch   t ha t  must  be   looked  a t .  One is  
r e a l   l i f e  - t he   a t t i t ude   su rvey ,   o r   t he   f i e ld   r e sea rch  of  what people do when 
exposed t o   n o i s e   i n   r e a l   l i f e .  The second, of course,  i s  the   l abo ra to ry  
approach, and I th ink   ne i the r  one  can  answer  the  questions a t  hand without   the 
o ther .  Where you have   seemingly   inexpl icable   var iab i l i ty   in   the   " rea l   l i fe"  
da ta ,  it i s  appropr ia te   to  look a t  l abora to ry   f i nd ings   i n  an a t t empt   t o   f i nd  a 
reasonable   bas i s   for   ex t rapola t ing   func t iona l   re la t ions  among the   " r ea l  l i f e "  
var iab les   as   wel l   as  an exp lana t ion   fo r   va r i ab i l i t y  i n  those  data .  

In   t ha t   r ega rd ,  I would l i k e   t o   p o i n t   o u t   t h a t  an  ex t rapola t ion  of the  
sleep d a t a   i n d i c a t e s   t h a t  somewhere between 35 t o  45  dB is  a t   t h e   t h r e s h o l d  of 
noise   arousal  from s leep .  However, t he   t h re sho ld   l eve l   fo r   no i se   i n t e r f e rence  
with  conversational  speech i n  t h e   q u i e t  of t he  home is  around 45 t o  55 dBA. 
The s i g n a l   t o   n o i s e   r a t i o  would be  about 0 dB. There is  a 1 0  dB or so d i f f e r -  
ence  between  these two th re sho lds   t ha t  would subs t an t i a t e   t he   p re sen t  1 0  dB 
nighttime  penalty.  

I t  is  pe rhaps   a l so   i n t e re s t ing   t o   no te   t ha t   l abo ra to ry   r e sea rch  on s l e e p  
shows t h a t  one is most s e n s i t i v e   t o   n o i s e  when going t o   s l e e p  and when about  to 
wake up. I t  is  t rue   t ha t   du r ing   t he   n igh t t ime   t he re  w i l l  be cycles  of r e l a t i v e  
s e n s i t i v i t y   t o   s l e e p   a r o u s a l ,   b u t   t h e   m a j o r  problem  with  noise i s  when one is 
going t o  s leep.   These  laboratory  data   are   perhaps  re levant   to   data   col lected 
by BBN around New York i n  1958 o r  so ,  where the  FAA, I bel ieve,   operated a com- 
p l a in t   cen te r   w i th  w e l l  advertised  telephone numbers. It  w a s  determined  there- 
from t h a t  on a level-basis-per-overf l ight ,  you needed  about a 10 dB l e s s   l e v e l  
in   the   hours  of  about 1 O : O O  PM t o  2:OO AM t o   g e t   t h e  same amount of  complaints 
per o v e r f l i g h t   t h a t  you get  during  the  day. From 2 : O O  t o  5 : O O  AM it w a s  t he  
o the r  way - the   noise   could  be  higher   in   level   than  during  the  day and g e t  
about  the same number of   complaints .   This   j ibes   with  the  lab  experiments   that  
show you ' re  more s e n s i t i v e  when you ' re   go ing   to   s leep   than  when you are asleep.  
Except f o r   t h e   f a c t   t h a t   p e o p l e   d o   n o t   a l l   g o   t o   s l e e p  by 1:OO AM o r  so, a case 
could  be made from both - some labora tory  and r e a l   l i f e   d a t e  - t h a t  no penal ty ,  
o r  a negat ive  penal ty ,  would be  appropriate   for  2:OO t o  5 : O O  AM or so. A l l  i n  
a l l ,  however, the  s ingle   uniform  penal ty   of   10 dB from 1O:OO PM t o  7:OO AM is  
probably  about as complex a noise  assessment  procedure as would be   p rac t i ca l ly  
workable. 
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F. John Langdon, Building  Research  Establishment  (England): I would l i k e  
t o  start by say ing   tha t   the   ques t ion  w e  have t o   d i s c u s s   i n   t h i s  workshop i s  no t  

~ - 
a mainstream  issue  in   our   research  in   the  United Kingdom (UK) because w e  don ' t  
have   qu i te   the  same prob lems   o f   day /n igh t   d i s t r ibu t ions   i n   a i r c ra f t   ope ra t ion  
as you have. So f a r  as I can  discover,  a t  t h e   p r e s e n t  t i m e  w e  are mainly con- 
cerned  with some sor t   o f   canonisa t ion  ceremony f o r   t h e  N N I ,  i f  t h a t  can be 
arranged. 

A t  Building  Research  Station (BRS), w e  looked a t  Ldn from a s l i g h t l y   d i f -  
ferent   s tandpoint ,   because it w a s  brought  forward as some kind  of  panacea  for 
a l l  our   t roubles .  I t  w a s  hoped, when put   forward ,   tha t  Ldn would apply  not 
o n l y   t o  a i r c ra f t  o p e r a t i o n ,   b u t   t o   t r a n s p o r t a t i o n  and  community noise   general ly .  
Hence w e  wanted t o  t e s t  it aga ins t   o ther   parameters ,   in   the  area of t r a f f i c  
noise - our  most  widespread  problem.  This w e  have  done,  though  without  very 
much b e n e f i t ,  I must  say.  Because w e  found t h a t  what Ldn tended to   do ,   w i th  
noise   other   than from a i r c r a f t ,  w a s  merely t o   s h i f t   t h e   i n t e r c e p t   f o r   t h e  
nuisance term in   the   no ise /nuisance   re la t ionship .  If the   pa t te rns   o f   no ise  
occur rences   i n   s ay l   t r a f f i c   no i se ,  are h igh ly   i n t e rco r re l a t ed ,  so  tha t   t ak ing  
t h e   r e l a t i o n s h i p   o f   t r a f f i c   f l o w s   € o r  50 o r  60 sites within a c i t y  between 
11:OO AM and 3 : O O  PM, f o r  example,  they would correlate with  one  another; and 
t h e  same co-var ian t   re la t ionship  would be   p reserved   for   the  same sites between 
9 : O O  PM and midnight.  In  such a case, it doesn ' t  matter whether you add a 
night t ime  weight ing  or   not ,   €or  a l l  t h i s  w i l l  do is  s h i f t   t h e   i n t e r c e p t .   T h i s  
is  n o t   i n   i t s e l f  a c r i t i c i s m   s i n c e  you may i n   f a c t   w i s h   t o   s h i f t   t h e   i n t e r c e p t .  
But it a l s o  means,  and t h i s  i s  a c r i t i c i s m ,   t h a t  you w i l l  no t   ob ta in  any 
increase   in   the   expla ined   var iance ,  and t h i s  is  basically,   one  hopes,  what you 
are looking   for   in   the   resu l t s .   Wi thout   th i s ,   the   magni tude   o f   the   n ight  
weighting  cannot be determined and i s  pu re ly   a rb i t r a ry .  

I would l i k e   t o   p o i n t   o u t   t h a t   t h e r e  must be ,  a t  t h e  moment, about 9 or   10 
d i f f e r e n t   a i r c r a f t   n o i s e   n u i s a n c e   i n d i c e s   i n  u s e  i n   d i f f e r e n t   p a r t s  of the  
globe. I do no t  mean mere ly   b r ight   ideas   in   researchers   heads ,  I m e a n  ac tua l ly  
under  governmental  operation.  These  indices  break down in to   about   th ree  main 
types,   involving a measure  of  the  energy,  the number of f l i g h t s ,  and var ious 
combinations  and  treatments  of  these. Now t h e   i n t e r e s t i n g   t h i n g   t o   o b s e r v e ,  
watching  f rom  the  s idel ines   (s ince I a m  not  myself now concerned i n   a i r c r a f t  
no ise   research) ,  is t h a t  a l l  t hese  measures are strongly  entrenched  in  each  of 
the   count r ies   tha t   opera te  them. Although  they  operate on d i f f e r e n t   p r i n c i p l e s ,  
it seems tha t   each  is  p e r f e c t l y   r a t i o n a l  and qu i t e   s a t i s f ac to ry .   In   each  case, 
t he   l oca l   s c i en t i f i c   e s t ab l i shmen t   suppor t s  them, and this  encourages  adminis- 
t r a t o r s   t o  depend  on  them.  Although  they  are  different,  the  noise  indices are 
not   necessar i ly   mutual ly   exclusive - they   don ' t   d i squa l i fy   each   o ther  - but  
they are different ,   yet   nonetheless   very  s t rongly  entrenched and s t rongly 
supported. 

Now t h i s  means, I t h i n k ,   t h a t   i n   t h i s  area, t h e   r e s e a r c h e r ,   e s p e c i a l l y   i f  
he is engaged i n   s o c i a l   r e s e a r c h ,  is inevi tab ly   pu t   in   the   pos i t ion   o f   say ing  
that   a l though w e  must  do fu r the r   r e sea rch ,  w e  know what t he  subject is  going t o  
be  already. Dave Stephens w a s  q u i t e   r i g h t   i n   h i s   p r e s e n t a t i o n s  on the  overhead 
p ro jec to r .  H e  showed a var ie ty   of   response  measures ,   together   with  the 
spec i f i ed   ob jec t ive  - and t h i s  w a s  t h e   n o i s e   d o s e   i n  dB. There is your 
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objec t ive  - a l r eady   l a id  down. In  such a case ,  any s c i e n t i f i c   q u e s t   f o r   t h e  
b a s i s  of t he   phys i ca l   co r re l a t e  t o  the  behavioural  response is ru l ed   ou t .  
What you are going t o  do is  look   fo r   t he   bes t  way of r e l a t i n g   t h a t   r e s p o n s e   t o  
an already  determined  noise  measure - whether  equal  energy, or cumulative 
s t a t i s t i c a l ,  it i s  in  the  end,  non-informational,  merely some transform of 
sound pressure   l eve l   over  t i m e .  I n   t h i s   s i t u a t i o n ,  it is impossible   not   to  
f e e l   l i k e   t h e  m a n  who shows a map to  another   person and a sks   fo r   d i r ec t ions ,  
only t o  be  told,  "Well, i f  it w a s  me, I wouldn't s t a r t  from here."   For   this  
is where w e  f ind   ourse lves ,  as s c i e n t i s t s .  W e  d i d n ' t  want t o  be  s tanding  just  
h e r e ,   b u t   t h i s  is  where w e  are, so w e  have t o  do  something; l e t ' s  c a l l  it 
research.  

Now I would l i k e   t o   s t e p  back a l i t t l e  and draw  from my own, and my  BRS 
colleagues,   research  experience a few poin ts ,   as   they  have occur red   t o   u s   i n  
t h e  UK, and  which may be he lpfu l   here .  F i r s t ,  when w e  speak,  perhaps  very 
genera l ly ,  of an in t eg ra t ed  human response  over  the whole period  of  the day - 
2 4  hours - what exac t ly   a r e  w e  talking  about?  Well ,   the  general   adverse 
response  or  adverse  reaction  has  been  suggested.  This i s  a n ice   phrase ,  a 
pleasant  flow  of  words. B u t  what  does it mean i n  terms  of  hard s c i e n t i f i c  
cash?  If  we examine al l   the   conscious  responses  - annoyance, d i s s a t i s f a c t i o n ,  
unacceptab i l i ty  - and the   dayt ime  ac t iv i t ies  - a b i l i t y   t o   r e a d ,  t o  l i s t e n   t o  
mus ic ,   va r ious   k inds   o f   d i s tu rbance   t o   t hese   d i f f e ren t   ac t iv i t i e s  - w e  f ind  
again and aga in   t ha t   t hese   a r e   a l l   h igh ly   i n t e rco r re l a t ed   w i th   r e spec t   t o   no i se .  
They always  are.  This m e a n s  p e r f o r c e ,   t h a t   t o  add  one or another of them i n t o  
a measure  of general  adverse  response is  going t o  add nothing. N o  g a i n   i n  
explained  variance w i l l  ever  be  obtained by crea t ing   mul t ip le   cor re la t ions  from 
i t e m s  which are   a l ready  highly  intercorrelated.   I tems must be independent,  or 
quasi-independent  if   they  are  to add t o  a desc r ip to r .  

SO f a r  w e  are  considering  only  the  conscious  response  during  daytime. We 
can d i v i d e   t h i s   i n t o  two daytime  periods;  the working  day when people  generally 
a re   absent  from home (though some  women and old  people  are  at   home),  and the  
evening when the   major i ty   o f   the   popula t ion   a re   a t  home, a t  one t i m e  or   another .  
This is the  per iod of re laxa t ion  and le isure .   There is of course,  a f u r t h e r  
per iod   shading   in to   "n ight" ,  and t h i s   v a r i e s  from p lace   t o   p l ace   bu t  can  be 
sa id   genera l ly  t o  be  between 1O:OO PM and midnight when people  are  going t o  bed 
and t r y i n g   t o   g e t   t o   s l e e p .   C u r i o u s l y  enough,  Aubree  produced  such  going-to- 
bed p ro f i l e s   fo r   t he   Pa r i s i an   popu la t ion   i n  1971 and I produced s i m i l a r   d a t a  
for London i n  1972, and w e  found t h a t   i n   b o t h   c i t i e s   p e o p l e  go t o  bed  about  the 
same time. "Gay Paree" is ,  it seems,  pure  i l lusion. However, t o   r e t u r n   t o   t h e  
main t rack ,   a f te r   midnight  we have  the  sleep  period when it seems it doesn ' t  
matter much what  happens,  unless a bomb drops.  W e  can the re fo re   d iv ide  up the  
day i n t o   p e r i o d s   w i t h   d i f f e r e n t   s o r t s   o f   a c t i v i t i e s .  B u t  we would be  forced  to  
admit that   the  measures most appropriate   to   each  do  not  form a very happy 
family.  For  example, how does  one  join on and combine with  daytime  annoyance 
the   resu l t s   o f   f ie ld   s tud ies   o r   exper iments  on people  sleeping between  midnight 
and 6 : O O  AM? 

But l eav ing   a s ide   fo r   t he  moment the  problem  of  joining it a l l  up,   there  
is  the  problem  of sleep q u a l i t y   i t s e l f .   T h i s  is  a probiem  which t h e  European 
Economic Community (EEC) is t ack l ing ,  a s tudy   for  which UK has  assumed p a r t  
of the   respons ib i l i ty .   For   s leep   a lone ,  one way t o   d e a l   w i t h   t h e  problem  of 
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measurement is t o  develop a combined measure.  This is  a measure  of sleep  phase 
s h i f t   d e r i v e d  from EEG, r e l a t e d  t o  measured noise  - actual,  not  simulated labo- 
r a to ry   no i se ,   w i th   peop le   s l eep ing   i n   t he i r  own homes - combined with a measure 
der ived from a portable   performance  tes t  on  an apparatus  subjects  can wear and 
car ry   wi th  them t o  perform a serial  choice   reac t ion  time t a s k   t o   a s s e s s   t h e  
e f f e c t  of the  noise  exposure  during  the  night on performance  the  following  day. 
With such a combined measure w e  may obta in  some i n s i g h t s   i n t o   t h e   r e l a t i o n   o f  
no i se   t o   s l eep .  The weakness of most s leep   research  a t  p re sen t  is  tha t   wh i l e  
it revea l s   no i se   r e l a t ed   phase   sh i f t s   i n  EEG, it gives  l i t t l e  ind ica t ion  of 
what they mean in   deprivat ion  or   lowering of s l e e p   q u a l i t y .  N o  doubt  such 
changes a re   l inked   wi th   changes   in   s leep   qua l i ty ,   bu t  w e  need t o  know p rec i se ly  
what they  are  and what they  are  worth.  

However, l e t  us assume t h a t  we have now been  able   to   do  this .  We a r e  now 
l e f t   w i t h   t h e  problem  of  joining  this  measure,  whatever it i s ,  t o   t h e   d a t a  of 
conscious  response. The kind  of  measure w e  a r e   l i k e l y  t o  be looking  for  is  
therefore  going  to  be  something a l i t t l e  more complex than   t he   so r t  of "general  
adverse  react ion ' '   that   psycho-acoust ic ians   have had i n  mind so f a r .  

This   br ings me to   the   next   ques t ion :   how.are  we t o  do the   " jo in ing  up"? 
The conventional method fo r   pu t t i ng   d i f f e ren t   t h ings   t oge the r   i n   soc i a l   su rveys  
is not   real ly   very  c lever ,   whatever   sophis t icated names we l i k e   t o   c a l l  it by. 
I t  is not  much more than  throwing a l l   t h e   d a t a   i n t o  a computer  with an optimis- 
ing  programme and see ing  what comes out .   This  is  ca l led   mul t ip le   cor re la t ion  
and regression  analysis .  

Of course,  we can go on t o  do   fac tor   ana lyses  by p r i n c i p a l  components t o  
examine the   genera l  annoyance or   d i s turbance   score   var iance ,   looking   for   i t ems  
which best   account   for   that   var iance,   purely  in   terms  of   the  subject ive  response 
i n t e r c o r r e l a t i o n s .  We may then   a t t empt   t o   i den t i fy   r epor t ed   no i se   even t s  and 
noise  experiences which r e l a t e   t o   t h e s e  components  and so exp la in   t he   ove ra l l  
response t o   t h e   n o i s e .  And i f  we are  lucky, we can  hope t h a t  our s l eep  measures 
w i l l  fit in  with  the  daytime  response  data. 

W e  can do a l l   t h e s e   t h i n g s .  B u t  when w e  want t o   r e l a t e   t h i s   d a t a   q u a n t i t a -  
t i v e l y   t o   a c t u a l  measured noise  we are   forced ,   wi l ly-n i l ly ,  back to   t he   r eg res -  
s ion  model.  This model has   ce r t a in   s t a t i s t i ca l   r equ i r emen t s  and we of ten  know 
i n  advance t h a t  o u r  data   does  not  meet the  axiomatic  requirements of t he  model. 
I t  is  a chastening  experience  to  look  through a few papers   in   the  Journal   of  
Applied S t a t i s t i c s  and see  how l i t t l e   t h e   s t a t i s t i c a l   p r o c e d u r e s  we are   forced 
t o  use  real ly   admit  of  our  operations,  how l i t t l e   o u r   d a t a  and the  way it is  
d i s t r i b u t e d  meet the  theoret ical   requirements .  We f a l l  back on the  old  chestnut  
which says (as s t a t e d   i n  a well-known textbook  of  Econometrics) - i f  you have a 
good ( ? )  conceptual  model,  don't  worry  too much about  this.   In  other  words,  
y o u ' l l  always g e t  some kind  of  answer,   forget  about  any  statist ical   requirements.  

In   p lace  of t h i s ,  I and my colleagues have f e l t  compelled t o  go  back 
f u r t h e r  and develop a more complex, more sens i t i ve   p i c tu re   o f   t he  human being 
as a soc ia l   be ing  and his   response  as  a social   response.   This  means t o  go 
beyond the  type of ana lys i s  I have j u s t  referred  to ,   probably  to   non-parametr ic  
methods. 
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A t  t h e  moment I am myself  involved  in a study of noise   a t tenuat ion  by t h e  
bui lding,  and a colleague is  working  on n o i s e   a t t e n u a t i o n   i n   r e t r o f i t  (where a 
bui lding is modified t o  reduce  the impact of   external  noise) .  In   both  cases  we 
a re   l ook ing   fo r   r e su l t s  from MSA and Smallest  Space  Analysis,  non-parametric 
techniques which  do not  a i m  merely t o   e s t a b l i s h   s e t s  of numbers b u t   t o   c r e a t e  a 
model o f   s t ruc tu ra l  and organic   re la t ionships  between the   response   da ta .  O f  
Course, to   quant i fy   the   answers   wi th   respec t  t o  noise  w e  shal l   probably  have t o  
r e tu rn  a t  some po in t  t o  a parametr ic ,   regression  type model. B u t  w e  s h a l l  do 
SO having  es tabl ished  the  values  and the   opera t iona l   re la t ionships  between the  
terms. This  is, I f e e l ,   t h e   p o s s i b l e  way forward,  though I still fee l ,   tha t  w e  
are l imi ted   as   regards   the  way  we t r e a t   t h e   a c o u s t i c   d a t a ,  which  remains t i e d  
t o  a sound pressure  model*. 

A second  aspect w e  are looking a t  ve ry   ca re fu l ly  is t o  t r y  and character-  
i ze   t he   pe r iods  of the  day and n igh t  which are of varying  importance to   people  
sub jec t ed   t o   no i se ,  and t o   t r y  and relate three   th ings .  First ,  t h e   a c t u a l  
noise  exposure  for  each  period;  second,  the  annoyance  or  disturbance  felt   in 
t ha t   pe r iod ;  and t h i r d ,  an  independent  sample  which w i l l  g ive  a p i c t u r e  of 
d e s i r e  - when do  people  think  quiet  important. F i n a l l y ,  we w a n t  t o   s e e   i f  we 
can b r ing   t he   t h ree   t oge the r   t o   g ive  a profile,   weighted  over  t ime. 

I feel I have s a i d  enough,  however inadequate ly ,   to   g ive  some idea  of t h e  
way things  are  going  with us .  B u t  f o r   t h e  moment, speaking  qui te   personal ly ,  
I ' m  n o t   t e r r i b l y   o p t i m i s t i c .  I do  not mean t o  say  w e  d o n ' t  know anything. O n  
the  contrary,  we  know a l o t .  B u t  aga ins t   t he   so r t  of  background I have t r i e d  
t o   o u t l i n e ,  I f e e l   t h a t   g i v e n   t h e   l a i d  down objec t ives ,   g iven   the   l imi ted  t i m e  
and,scope  for  research you now have a t  your   disposal ,  you a r e   j u s t   n o t   g o i n g   t o  
make very much advance t o   t h e   s o l u t i o n  of these  problems. So your,  and probably 
our ,   adminis t ra tors  w i l l  most l i k e l y  have t o  make do with  the  measures and 
procedures  they  have  already. 

* 
I would have l i k e d  t o  have  gone on t o   d i s c u s s   t h e  need f o r  an information 

theory model t o   r e p l a c e   t h e   c r u d i t y  of measured  sound p r e s s u r e   l e v e l ,   i f   t h e  
b e n e f i t s  of more sophis t ica ted   soc ia l   research  are t o  be  reaped,  but  time was 
l imi t ed  - l i k e   t h e   s c o p e   f o r   r e a l  new avenues in   no i se   r e sea rch   i n   t he  NASA/FAA 
s i t u a t i o n .  
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CLOSING REMARKS 

John E. Wesler, Federal  Aviation  Administration:  According  to  the  sched- 
~~ ~~ 

u l e ,  t h i s  is t h e  wind-up of our day  and a ha l f  Workshop - we have  been r e f e r r i n q  
to it as a 2-day one bu t  we are scheduled t o  close by noon and I think w e  w i l l  
without any g r e a t   d i f f i c u l t y .  The next  order  of  business is  t o   h e a r  from t h e  
two working  groups t h a t  met yesterday  afternoon and t h i s  morning. Workshop 
sess ion  I had t o  do  with  Impacts and Ef fec t s  of  Noise  Metrics and was cochaired 
by Richard  Tedrick and B i l l  Shepherd. Workshop sess ion  I1 had t o  do  with 
Future  Research and was cochaired by Homer Morgan and Dave Stephens. 

Summary Statements From Workshop Session I - Background/Applications 
. . . - - - . -.  . . - - . 

Richard  Tedrick,  Federal  Aviation  Administration:  This workshop sess ion  
was divided  into  four  discussion  groups.   Discussion  topics and  summary s t a t e -  
ments for  each of the  groups  are   given.   In   addi t ion,   four   individual  recommen- 
dat ions  are   included.  

Statement From Group I :  Background  of Present  Corrections 

The Ldn has  evolved  over a period  of  nearly 30 years .  The two key concepts 
of equal  energy and a 1 0  dec ibe l   pena l ty   for   n ight t ime  opera t ions  were  borrowed 
from earlier  cumulative  noise  measures.  Both  were i n i t i a l l y  based on very 
l imi t ed   da t a  and on i n t u i t i v e  judgments  of the  developers .  Some p resen t   s tud ie s  
tend to   suppor t   these  two concepts. However, o the r   s tud ie s   r a i se   s e r ious   ques -  
t i o n s   a s   t o   t h e i r   v a l i d i t y .  For  example, some s tudies   sugges t   tha t   people   a re  
more sens i t ive   to   no ise   in   the   evening   than  la te  a t   n i g h t  and even t h a t   t h e r e  
should be no nighttime  penalty  after  people  have gone to   s leep .   Other   s tud ies  
have  suggested  that  the  equal  energy  concept may not  be  applicable  to  annoyance. 

Unfortunately,  none of t he   s tud ie s   t o   da t e   have  been of suf f ic ien t   scope  
to   ver i fy   the   ex is t ing   concepts   o r   to   o f fe r   so l id   a l te rna t ives .   In   the   absence  
o f   a l t e rna t ives ,   t he  demand for   guidance  mater ia l   has   led  to   the  widespread  use 
of Ldn e spec ia l ly   i n   t h i s   coun t ry .  It  is  not   expected  that   current   research 
programs w i l l  r eso lve   these  two key issues in   the   near   fu ture .  

Statement From Group 11: U s e s  of Ldn 

Predic t ion /quant i t ies  of noise   e f fec ts . -  Ldn w a s  developed  over many years  
a s  a p lanning   too l   to  relate physical  measures of noise  t o  measures of human 
response.  These  responses encompassed aggregate community response  since at 
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the  t ime of development of related  metr ics ,   these  were  the  only types of e f f e c t s  
halfway  quantified. More p rec i se   r e l a t ionsh ips  were  then  applied, i .e. ,  percent  
highly  annoyed. However, because  there  are many h e a l t h   e f f e c t s  of   noise   that  
have  not  been  precisely  quantitied and because  annoyance i s  f e l t  by  some t o  be 
an  indicator   of   these  other   effects  of no ise ,   the   dose-ef fec t   re la t ionship   for  
percent  highly annoyed i s  being  used by  some a s  a sur roga te   for   these   o ther  
e f f e c t s  . 

Applications.- Ldn i s  used a s  a  planning  tool  to  enable  the  planning  of  the 
a i r p o r t  system  with  respect  to i t s  r e l a t ionsh ip   t o   t he  community. I t  is  used 
for   a l l   no ise   sources   a t   d i f fe ren t   governmenta l   l eve ls .  With r e g a r d   t o   a i r c r a f t  
noise ,  it can be used a s  an  index  for  assessment and enforcement. 

Merits.- The mer i t s  of Lan are   as   fol lows:  

Accepted by a l l   l e v e l s  of government 

Accepted in t e rna t iona l ly  

Used t o   a s s e s s   a l l  community noise  sources 

Relates to  L - generally  accepted  for  hearing loss assessment 
eq 

Rela tes   to  A-weighted l e v e l  

Allows  one t o   r e l a t e  exposure to   ins tan taneous  r m s  l eve l  and s ing le  
event   level  

Correlates   wel l   wi th  human response 

Nighttime  penalty looks reasonable w i t h  regard  to   range of da ta  

A b i l i t y  to  account  €or more than  annoyance  puts an adequate  weight 
on o the r   hea l th   e f f ec t s  

Quantifies  dose  as a s ing le  number 

Deficiencies" The def ic ienc ies  of Ld are   as   fol lows:  
n 

Energy  summation  method  dometimes y i e l d s   b i z a r r e   r e s u l t s  i n  
nighttime  weighting  factor 

Lacks uniform  confidence i n  t he   s c i en t i f i c  community 

Hides some value  judgments  from  the  user 

Ignores  time  of week and seasonal   var ia t ions 
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Not known i f   t h e   1 0  dB penal ty  i s  t r u l y   r e p r e s e n t a t i v e  of a l l  e f f e c t s  

N o t  known i f   t h e  t i m e  per iods of app l i ca t ion  or the  magnitude  of t h e  
pena l ty   a r e   va l id  

Statement From Group 111: Potential   Impacts 

Airport  impacts.- The pos i t i ve   a i rpo r t   impac t s  are as follows: 

Useful  for  evaluation  of  proposed  changes t o  f a c i l i t i e s  and opera t ions  

Provides a bas i s   fo r   cha rges   t o   u se r s   acco rd ing  t o  noise  
leve ls   genera ted  

Provides  an  aid  for  compatible  land  use  planning 

The negat ive   a i rpor t   impacts   a re  as follows: 

Legal  ramifications 

Po ten t i a l   €o r   e r ro r   i n   accu ra t e ly   desc r ib ing   t he   ex ten t  of impact 
f o r   a l l   p a r t i e s  

0perational.restrictions may be  imposed  on a i r p o r t s  on the   bas i s  
of Ldn 

Airline  impacts.-  - The pos i t i ve   a i r l i ne   impac t  i s  as follows: 

Protect ion  of  a fac i l i ty   requi red   for   cont inued   se rv ice  

The negat ive   a i r l ine   impacts  are as   fo l lows:  

Legal  ramifications 

Opera t iona l   r e s t r i c t ions  

Curfew 

Runway u s e   r e s t r i c t i o n s  

A i r c r a f t   t y p e   r e s t r i c t i o n s  

Reduction  of  service  and  revenues 
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Building codes 

Land use   cont ro ls  

Remedial measures 

Commonality of  measurement  of noise   due  to   other   sources   for  
comprehensive ana lys i s  

The negat ive community impact is as fol lows:  

Loss of service/revenues 

Statement From Group I V :  General 

Any noise  metric shou ld   r e l a t e   i n  some fashion t o  human response. The 
response may be composed of a number of  elements - annoyance, s l eep   i n t e r f e rence ,  
and o thers .  The 10 dB co r rec t ion   i n  L was predica ted   l a rge ly  on the   d rop   in  
background l e v e l s  which typ ica l ly   occu r   i n s ide  and ou t s ide  of homes during 

dn 

n igh t t ime   hour s .   Th i s   d rop   i n   l eve l   l eads   t o   g rea t e r   i n t rus ion   o f   o the r   no i se s .  
I t  seems i n t u i t i v e l y   r e a s o n a b l e   t h a t   t h i s  would l e a d   t o   g r e a t e r  annoyance. Some 
quest ion  concerns  the  select ion of a 10 dB penalty  based on the  background l e v e l  
change in   qu ie t   a r eas   r a the r   t han  5 dB from re la t ive ly   no isy   a reas .  It  appears 
t h a t  a judgment w a s  made t o  err on the  conservat ive  s ide.   Other   response  data  
such  as   individual   complaints ,   case  s tudies  and o the r s   a r e  judged t o   l a c k   t h e  
des i r ed   r i go r   t o   l ead   t o   t he   conc lus ion   t ha t  may be  implied by the   f ixed  10 dB 
s tep   func t ion   pena l ty .  Unanswered quest ions are, how  much v a r i a b i l i t y  are users  
and impacted  groups  will ing  to  accept  in  use  of L and i t s  associated  penal ty? 
A l s o ,  is  1 0  dB a v a l i d  number c l e a r l y   r e l a t e d   t o  community response  or i s  it 
merely an i n d i c a t o r   t h a t   n i g h t   n o i s e  is  less  acceptable  than  daytime  noise? If 
i t ' s  merely an i n d i c a t o r ,  would some o ther  number o r  means be more acceptable  
t o  a broader  group  of  users? 

dn 

Some concern w a s  expressed  regarding  whether L should  be  used as an 
implici t   index of noise   induced  heal th   effects .  I t  was concluded t h a t   e x i s t i n g  
data  do  not  support   such an i n t e r p r e t a t i o n .  

dn 

Changing l i f e s t y l e s  may be   impor tan t   in   in te rpre ta t ions  of noise  measures. 
There  are   fewer   people   a t  home during  the  day  and it is uncertain  whether 
1 O : O O  p.m. t o  7 : O O  a . m .  r ep resen t s   t he   s ens i t i ve   po r t ion  of the  day.  Recent 
d a t a  and in t e rp re t a t ions   sugges t   t ha t   even ing   hour s  may be more s e n s i t i v e   o r  
t ha t   t r ans i t i on   pe r iods ,   such  as the  t i m e  people are going t o   s l e e p   o r  when 
they   a r e   c lo se   t o  awakening t o   s t a r t   t h e i r   d a y ,  may be more sens i t i ve   t han  
nighttime  periods.  
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I t  w a s  agreed   tha t  Ldn should  be a rough  screening  device and t h a t   l o c a l  
decisions  should  not  be  based on assumed i n t e r p r e t a t i o n s .  An example of m i s -  
appl ica t ion  was c i ted   where in   the   pena l ty   in  L overlooks  cr i t ical   dayt ime 
impacts  such as s c h o o l   o p e r a t i o n s .   I f   s t r i c t   I n t e r p r e t a t i o n  of L implica- 
t i o n s  were made, n ight   opera t ions   might   be   sh i f ted   to   the   day ,   furpher   exacer -  
ba t ing   t he   s choo l   d i f f i cu l t i e s .  I t  w a s  suggested  that  it may be d i f f i c u l t   t o  
persuade  the  public  of  the  need  for  local  independent  decisions  since  there i s  
a tendency t o  imply v a l i d i t y   i n  government s t a t emen t s   o r   po l i c i e s .  An example 
c i t e d  was pe r s i s t en t   mi s in t e rp re t a t ion   o f   t he  EPA-Levels-Document da t a  by va r i -  
ous   loca l   g roups   o r   ins t i tu t ions .  

dn 
d 

Individual  Recommendations 

J .  " "- D. C o l l i e r ,  A i r  Transport   Association: 

(1) AS a minimum, remove nighttime  weighting and display  day/night 
information and weekend/seasonal  information  separately. 

( 2 )  Seek some  way to  resolve  the  anomalies  inherent  in  energy 
summation. 

( 3 )  Use  Ldn. only to desc r ibe  annoyance,   not   heal th   effects .  

James Mi l l e r ,  Department of Housing and Urban Development: I n  o r d e r   t o  
proceed  with  the  important  business  of  at tempting  to  achieve a g rea t e r  measure 
of   compat ibi l i ty  between a i r p o r t s  and the i r   ne ighbors ,  it is  recommended t h a t  a 
s ingle   uniform  noise   descr iptor   be  adopted  for   use by Federa l   agencies ,   a i rpor t  
and a i r l i n e   i n d u s t r i e s ,  and  communities a s  a t o o l   i n   d e c i s i o n  making. 

. _ . ~  ~""-I_- 

Recognizing  the  problem  inherent i n  any desc r ip to r  which  summarizes t o t a l  
noise ,  it appears  that   the  day-night  average sound l e v e l  (Ldn) i s  use fu l   fo r  
these  purposes.   In  addition, it a l l o w s   i n t e r e s t e d   p a r t i e s   t o  combine l e v e l s  
from seve ra l   sou rces   t o   ob ta in   t o t a l   no i se   exposure .  Over the   yea r s ,   c i t i zens  
and communities  have become confused  with  the  seemingly  endless  parade  of  noise 
desc r ip to r s .   Th i s   i n   t u rn  may have  thwarted  positive  programs  to  reduce  noise 
exposure. While add i t iona l   r e sea rch  may  make minor  changes i n  day-night  weight- 
ing ,   th i s   should   no t   defer  immediate use of Ldn a s   t he   p re fe r r ed   desc r ip to r .  
Research on heal th   effects   should  cont inue,   but   adopt ion of a uniform  system 
should  not   be  delayed  pending  these  research  resul ts ,   g iven  their   uncer taint ies .  

Rudolph M. Marrazzo,  Environmental  Protection Agency: The following recom- 
mendations  are  necessarily  incomplete and are   no t   to   be   cons t rued  as an o f f i c i a l  
pos i t i on  : 

"" - _ _ _ " ~ ~ ~ -  

(1) Any app l i ed   r e sea rch   i n to   t he   de r iva t ion  of a night t ime  penal ty   other  
than  10 dB mus t  be  approached  with  the  objective of  improving  our 
p r e d i c t i v e   a b i l i t i e s  and p lanning   capabi l i t i es ,   no t  j u s t  changing 
them. I t  should  not   lose   s ight   of   considerat ions  of   s implici ty ,  
uniform  application and va lue   to   p lanning  and enforcement,   especially 
a t  local  governmental   levels.  
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New night t ime  weight ing  factors ,   i f   needed,   should take into  account 
o the r   e f f ec t s   o f   no i se ,   fo r  example e f f e c t s  of  noise on sleep and 
h e a l t h   e f f e c t s .   I n   o t h e r  words,  nighttime  weighting  penalties  must 
account  for more than j u s t  annoyance. 

New nighttime  weighting  factors,   if   needed,  should  be  applicable t o  
a l l  sources  of noise .  

New nighttime  weighting  factors,   if   needed,  should  be  derived statis- 
t i c a l l y ,   t h a t  i s ,  account  for  those  of  the  population who are more 
s u s c e p t i b l e   o r   s e n s i t i v e   t o   t h e   e f f e c t s  of noise .  

It  is recognized   tha t   there  are some negative  impacts upon the  a i r  
t r a f f i c  system  associated  with  the use  of Ldn i n  i t s  present  form. 
I t  is  recommended t h a t   t h e  FAA explore   o ther  methods t o   m i t i g a t e  
these  problems  without  undermining a potent ia l ly   useful   assessment/  
p lanning   too l .  

Arnold G. Konheim, Civil   Aeronautics Board:  With r e spec t   t o   t he   nea r  term, 
I recommend the  continued  use of Ldn as the  metric for   quant i fy ing   no ise  expo- 
sure .  Based upon t h e  merits and def ic ienc ies   o f  Ldn,  which  have  been f u l l y  
enumerated a t   t h i s   m e e t i n g ,  it appears   tha t   there  i s  no single  metric  which 
cou ld   be t t e r   s e rve   fo r   p red ic t ing  human response t o  noise  than Ldn. I n  addi- 
t i o n   t o   s c i e n t i f i c   a r g u m e n t s ,  Ldn is accepted  near ly   universal ly   as   the  s tandard 
m e t r i c   f o r   a s s e s s i n g   t h e   e f f e c t s  of a l l   sources   o f   no ise .   In   the   absence   o f  
strong  evidence  to  do  otherwise it appears  unwarranted and unwise a t  t h i s  t i m e  
t o   r e p l a c e  Ldn. 

Summary Statement From Workshop Session I1 - Future  Research 

Homer G. Morgan, NASA Langley  Research  Center: Dave Stephens and I w i l l  
s h a r e   t h i s   r e p o r t .   F i r s t ,  I w i l l  t r y  to   capture   the  essence  of   the workshop 
on  research  needs,  and  then Dave w i l l  add some d e t a i l s .  Our attempt a t  s t r u c -  
t u r ing   t he   d i scuss ion  w a s  o n l y   p a r t i a l l y   s u c c e s s f u l ,   b u t  still provides   the 
bas i s   for   Dave ' s   repor t .  

Our pane l   o f   research   exper t s   agree   tha t   t ime  of   day   e f fec ts   a re   rea l .  
This  conclusion is  based on in tu i t ion ,   exper ience ,  and  even a l i t t l e   b i t  of 
hard  data.  They a l s o   a g r e e   t h a t   t h e  problem i s  amenable to   research .   Severa l  
s a id ,  "Yes, I could  design a s tudy   t o   ge t   a t   t he   p rob lem and answer the  ques- 
t ions ."  However, it w a s  apparent  that   each  study would be d i f f e r e n t .  They 
would have d i f f i c u l t y   a g r e e i n g  on the  best   approach,  al though  alternate methods 
with promise do e x i s t .  Some ongoing  research  has   potent ia l   for   contr ibut ing to 
our  understanding  of  the  problem,  but it came out  loud and c l e a r   t h a t  we c a n ' t  
expect  definit ive  answers from research  in  the  one-year  t ime frame spec i f i ed  
by t h e   l e g i s l a t i v e  mandate. None of the   researchers  is  ready t o   s t e p  up  and 
say, " W e  can  answer  your  question, John." On the  other   hand,  we d i d n ' t   h e a r  
strong  evidence t o  say   t ha t  Ldn was not   appropriate   or   reasonable  as the   no i se  
me t r i c .   Ex i s t ing   da t a  and i n t u i t i t i o n   s u g g e s t   n o i s e   h a s  i t s  biggest  impact 
during  the  evening  part  of  the  day and that   evening  should  be  the focus of 
research on weighting. Dave Stephens w i l l  cont inue   the   repor t .  
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David G. Stephens, NASA Langley  Research  Center:  Referring  back t o   t h e  
agenda ( f i g .  1 of  Roundtable 11), we spent  an hour   discussing  each  of   the  topics;  
t h a t  i s ,  the   ob jec t ives   o f   the   research ,  some of the  approaches  of  achieving 
the   ob jec t ives ,  and f i n a l l y  some models  and research methods. I took  notes as 
we went thru  the  agenda, and I would l i ke   t o   d i scuss   t he   h igh l igh t s   o f   ou r   d i s -  
cussion  with you as a form of workshop  wrap  up. First, w e  suggested an objec- 
t i v e :   " t o   q u a n t i f y  human re sponse   t o   a i r c ra f t   no i se  a s  a funct ion of t i m e  of 
day."  Furthermore, w e  sugges ted   ge t t ing   response   to   s ing le   events  and response 
t o   p e r i o d s  of no ise  as w e l l  as   the   overal l   response.   There w a s  f a i r l y   g e n e r a l  
agreement on ob jec t ives ,   bu t  we d id  have a f a i r ly   l eng thy   d i scuss ion  on t h e  
response  measures  of  interest .   There  certainly  wasn't  a u n i v e r s a l   f e e l i n g   t h a t  
annoyance i s  e i t h e r  something you can d e f i n e ,   o r  whether it i s  i n   f a c t  an appro- 
p r i a t e  measure. Annoyance had the   major i ty   vo te  as a response  measure,  but 
s l eep   d i s tu rbance ,   fo r  example, was suggested as being  important a t  n ight .  
Unfor tuna te ly ,   i f  we want t o   t r a d e   o f f  day  and n i g h t   e f f e c t s ,  w e  must  have con- 
sistent  response  measures between the   per iods  - you c a n ' t   e a s i l y   t r a d e   t h e  
annoyance t o  dayt ime  noise   with  s leep  interference a t  n i g h t ,   f o r  example. In  
summary, the  one common measure t o  be  applied  across  the  time  periods  could  be 
annoyance, and it should  be examined f o r  more than two time  periods.  

If one  wants t o  go  from the  physical   exposure  to   noise   to   the human 
response,   the   intervening  s tep is the  development  of a dose-response  relation- 
ship.  Thus the  approach  to  achieving  the  research  objective is  shown  on the  
c h a r t   ( f i g .  3 of  Roundtable 11). One needs t o  know  how people  respond t o   n o i s e  
a t   d i f f e ren t   t ime   pe r iods .  The evening  time  period  received a grea t   dea l   o f  
discussion as being  of  importance. Not only  did  people  think  that  the  evening 
period  should  be  looked a t   f o r  a dose  response  relationship,   but  Chris  Rice 
suggested  that  w e  do our   research  in   the  evening  s ince it i s  possibly  the  most 
representat ive  t ime  for   conduct ing human response  surveys. He quest ioned  the 
logic  of  doing community surveys i n  the  daytime when we are  probably more 
i n t e r e s t e d  i n  evening and nighttime  response.  There was a l s o   q u i t e  a b i t  of 
discussion  about   the  differences between weekday response and weekend response. 
Gene Galanter had some da ta  which show tha t   people   respond  or   p ro jec t   qu i te  
d i f f e r e n t l y  on weekends than  they do during  the week. From the  s tandpoint   of  
developing  cr i ter ia ,   that   idea  should  cer ta inly  be  considered.  

There w a s  general   agreement  that  w e  should go a f te r   responses   in   the  
d i f f e r e n t   p e r i o d s   f o r  two reasons: (1) t h a t   t h e   l e v e l  of  response may change 
with t i m e  period;  and,  probably more important ly ,  ( 2 )  t ha t   t he   func t iona l  
r e l a t i o n s h i p  may be   qu i t e   d i f f e ren t   i n   d i f f e ren t   t ime   pe r iods .  

Concerning  the  research  model, J i m  F ie lds   t a lked   about   model l ing   in   h i s  
opening  paper (see f i g .  1) . H e  suggested  that   the  response i s  t h e  summation of 
some weight ing   fac tor ,   the   no ise ,  and the   med ia t ing   f ac to r s   i n   t he   d i f f e ren t  
per iods.  To pu r sue   t h i s  model  of overa l l   response ,  we have to   dec ide  upon the  
number of t i m e  per iods  we are going t o  look a t ,  the  dose-response  level   in   each 
t i m e  per iod,   the   mediat ing  var iables ,  and how t o  combine t ime  periods.  

Probably  the  heart  of our  discussion  involved  the  research  methods.  Again, 
t o   s t i m u l a t e   d i s c u s s i o n ,  J i m  F i e lds   pu t  up a c h a r t   i n d i c a t i n g   t h a t   t h e r e  are 
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s i x   d i f f e r e n t  methods,  ranging  from  the  laboratory t o   t h e  community survey, and 
we looked a t  the  pros  and  cons  of  the  different methods ( f i g .  2 ) .  The impor- 
t an t   t h ing  is  t h a t  we do  have some choices   to  make. I t  appears   that   there   are  
a number of d i f f e r e n t  methods t o   g e t   a t  some of these  problems. 

TENTATIVE TIME-OF-DAY RESPONSE MODEL 

MODEL 
Period 1 Poriod 2 Psricd t 

OVERALL RESPONSE = f [W,(NOISE,, M,), W,(NOISE,, M2), ... W,(NOISE, MJ] 

RESEARCH  PROGRAM TO DEFINE COMPONENTS IN MODEL 

Definition  of  Time  Periods 

Dose  Response  Model  for  Each Time Period 

Mediating  Variable  Model  for  Each  Time  Period 

Model  for  Combining  Period  Effects 

Weights  for  Combining  Periods 

Figure 1 

TIME-OF-DAY RESEARCH  METHODS 

LABORATORY  PROJECTION  TO  TIME OF DAY 

JURY  RATING  AT HOME 

REGULAR  REPORTING  (BUTTON  PUSHING) 

IMMEDIATE  RECALL  (TELEPHONE  FOLLOW-UP) 

UNIQUE  OPERATION CHANGE  SURVEY 

CONVENTIONAL  MULTI-ENVIRONMENT  SURVEY 

Figure 2 
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As part  of  our  discussion  in  methods,  Gene Galanter showed da ta   t ha t   he  
has   r ecen t ly   co l l ec t ed   i n   t he  New York Ci ty   a rea  which show how people  respond 
t o   n o i s e  as a func t ion  of t i m e  of  day. He has  broken  the  day up i n t o  24 one- 
hour  periods  and shows a d i f fe ren t ia l   response   for   each  hour  of the  day.  That 
i s ,  he  has gone i n t o   p e o p l e ' s  homes and  asked them t o  p ro jec t   t he i r   comfor t  and/ 
or di-scomfort  for  each  hour  of  the  day  and  has  found  distinct  trends  with t i m e .  
Again, t hese   t r ends  show that   people   do want more r e l i e f   i n   t he   even ing   t han   i n  
any other  t ime  period. The main p o i n t   t h a t  Gene brought  out,  however, w a s  t h e  
methodology. It appeared t o  be a good method  and general ly   accepted.   In  sum- 
mary, t he re  are a number of d i f f e r e n t   o p t i o n s  from a research  s tandpoint .  Our 
f i r s t   j o b  as researchers  is  t o  select the  m o s t  e f f i c i e n t ,   a s  w e l l  as e f f e c t i v e ,  
methods  from these   candida tes  and g e t   s t a r t e d  on some of  these  jobs.  

Closing  Statement 

John E. Wesler, Federal  Aviation  Administration: I would l i k e   t o   c l o s e  
with a few profound  words. We asked you here  with  the  naive hope t h a t  we could 
concentrate  on the  time-of-day  correction  €or  any  noise  exposure  metric. We 
wanted t o  emphasize tha t   fac tor   because  of our   uncer ta in ty ,   bu t  we b a s i c a l l y  
intended  that   the  meetirlg would review and c a t a l o g ,   i f  you w i l l ,  o u r   s t a t e  of 
t he  knowledge on t h a t   s u b j e c t .  We a l s o  had hoped - and I think we achieved 
that   purpose - that   the  meeting  might  provide some guidance  and some d i r e c t i o n  
for   fu ture   research ,   wi th   the   thought   tha t  some fu ture   research  would be neces- 
sa ry  - and I th ink  it is .  

"-I__-__ 

We couldn't   keep away from the  continuing  saga of "can a s ingle   s imple 
number c a l l e d  Ldn f ind  happiness   in   today 's  complex world  of  aviation."  This 
morning it is again  very  obvious  that  the  problems of using any single  system, 
such as the  Ldn, ce r t a in ly   a r e   no t  new - they  haven ' t   jus t   ar isen  today.  The 
s t a t e  of t he  knowledge h a s n ' t  advanced  very much r e c e n t l y ,   i f   a t   a l l ,   b u t   t h e  
pressures   for   s tandardizat ion  have.  They have increased   recent ly   to   the   po in t  
t h a t  Congress  has  taken  action  to  require some s tandard iza t ion .  Those reasons 
have a l l  been  mentioned  yesterday and today. The a i rpo r t   ope ra to r s  need some 
t o o l   t o  l i m i t  a i rpor t   no ise ,   because   tha t  limits t h e i r   l i a b i l i t y .  The pub l i c  
has become more involved and demanded or   requi red  some single,  simple  system  of 
measuring a very complex thing.  The cour t s  have become more involved - t he  
Westchester  case a t  LA being a good o r  bad  example,  according t o  which way you 
want t o   s i d e .  We're facing  the  question  whether w e  want t o ,   o r  whether we 
think  we're  ready, t o  o r   n o t .   I d e a l i s t i c a l l y ,   i f  we s e l e c t  a met r ic ,  it should 
be  accurate,  it should  be  simple t o  u s e ,  it should  be  understandable  to non- 
soph i s t i ca t ed  laymen - t he   pub l i c  - and it shou ld   co r re l a t e   p re t ty   we l l   t o  some- 
th ing  we are t r y i n g   t o   r e p r e s e n t .  I t h i n k   t h a t  something we're t r y i n g  t o  con- 
t ro l  and represent  is  compatible  land  use - land  use  compatible  with  noise 
exposure. I th ink   t he  incumbent  (Ldn) i s  r e l a t ive ly   s imp le   t o   u se ,  and I th ink  
it i s  r e l a t ive ly   ea sy  t o  exp la in   t o   t he  layman. The ques t ions ,  of course,  are 
whether it is compatible  with i t s  intended use  and whether it is  accurate .  
Those ques t ions   a r e  a t  the   hear t   o f  any dec is ion  of which met r ic  t o  use and how 
t o  apply it, because  the impacts on the  Nat ional  A i r  Transportat ion System  can 
be  severe. The a i r  t r anspor t a t ion   i ndus t ry  is  embattled enough a t  the   p re sen t  
t i m e ,  w i th   r i s ing   fue l   p r i ces ,   w i th   de regu la t ion  (good or   bad) ,   wi th   requirements  
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t o  meet noise  limits a l r eady   i n   p l ace ,  and wi th   fu r the r   p re s su res ,  as Don 
mentioned, t o  even  go  beyond s t age  2 t o   s t a g e  3 and p o s s i b i l y   f u r t h e r   t h a n   t h a t  
before   too  much longer.  So, the   po ten t ia l   impacts   a re   severe ;  w e  can't f o r g e t  
those   th ings .  

But a s  an engineer and no t  a soc io log i s t   o r   p sycho log i s t ,  I doubt   that  
t he re  w i l l  ever   be good accuracy i n  any metric t h a t   r e p r e s e n t s  human response, 
with a l l  i ts  va r i ab le s ,  t o  a changing  thing  such as noise  - p a r t i c u l a r l y  from 
a i r c r a f t .  We may never  have  an  "accurate  metric",  but we have t o  do  something 
- the  world moves on. The best   advice i s  always  do r igh t ,   bu t   for   God ' s   sake  
do  something - we' re   go ing   to   be   in   tha t   pos i t ion   p re t ty   soon .  The world  won't 
s t o p   t o   w a i t  €or us  t o   g e t  an accura te   pos i t ion .  

We had planned  the workshop t o  review  the  day-night   noise   penal t ies .  I 
think it w a s  successful .  I th ink   the   oppor tuni ty   to   ge t  you a l l   t o g e t h e r   i n  
one p lace  t o  understand  each  viewpoint  better was use fu l .  We d o n ' t  have a 
consensus; nobody expected  one. B u t ,  I do  think we have a bet ter   understanding 
of  where we a r e .   I f  I may be  rash enough t o  conclude  in 20 words o r   l e s s :  we 
still have  uncertainty;   we ' re   not   going  to  have an answer very  soon; and Ld, is  
the  incumbent. 

We w i l l ,  wi thin  the  next  6 weeks, provide you with  printed  proceedings  of 
t h e  day and a ha l f ,   inc luding   the  t w o  papers  given  very  well  by J i m  F i e lds  and 
B i l l  Galloway yesterday  morning, as wel l  as summaries of  the workshop discus- 
s i o n s   t h i s  morning. I would l i k e ,  on behalf  of the   Federal   Aviat ion Adminis- 
t r a t i o n  and the  National  Aeronautics and Space  Administration,  to  thank you very 
much f o r  coming. We apprec ia te  it even  though w e  d o n ' t  always  sound l i k e  it. 
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